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Refugee kiddies inspect a new ambulance presented 
by the British-American Ambulance Corps. 


Same 


Inland Defense Steel 
Goes on 


Errands of Mercy 


Every day Inland ships thousands of tons of steel for the 
Defense Program. A large part of the tonnage is used for 
constructing new plants, building equipment, and manu- 
facturing munitions. However, some Inland Defense Steel 
goes on errands of mercy. Typical of this are the Inland 
Sheets used by automobile manufacturers in building 
ambulances for service not only in our own army camps, 
but also in the camps and among the civilian populations 
over seas. 

Inland has always been proud of its ability to serve cus- 
tomers well through a closely knit organization, complete 
control of raw materials and modern plants. And now— 
because defense is Inland’s No. 1 Job, all Inland men and 
all Inland facilities are coordinated in serving our 
Government to the fullest extent possible in the present 


emergency. 


SHEETS - STRIP - TIN PLATE BARS PLATES 
FLOOR PLATE STRUCTURALS PILING RAILS 
TRACK ACCESSORIES ° REINFORCING BARS 


8 an all st 7 

Slee 

Panef hi ‘ 
JOr an amby 

4 | 

Bok 

| 
“lance bod. 
dy. 


at meeting of the National 
Aca omy of Sciences in Madi- 
son. Wis. last month, Dr. 
Jeff: es outlined the way in 
whi) that organization was 
acting ina consulting capacity 


Management. 


to the Office of Production 
Since he heads 
up such work relating to the 
conservation of metals and 
substitutions for the least avail- 
able ones, his conclusions con- 


cerning the adequacy of our 
visible supplies of metals for 
the national defense program 
are worthy of close attention. 
Seemingly, men closest to pro- 
duction are the least worried. 


SUPPLY OF METALS 


FOR NATIONAL 


By ZAY 


Technical Director, Lamp Department 


DEFENSE 


JEFFRIES 


General Electric Co., Cleveland, Ohio 


7 HEN, near the middle of 1940, the Advisory 
Commission to the Council of National 
Defense was established, it was only natural 
that great stress was put on the importance of 
metals and minerals, and equally natural that 
Dr. CHarLes Kennetu Lerru*® should find him- 
self in the center of this activity. Dr. Lerru has 
made a profound study of the relationships 
between minerals and war. He has served the 
government, directly and indirectly, for more 
than a quarter of a century, and for the past 
twenty years has advocated the stockpiles of 
such minerals as are not obtainable or of which 
there is a deficiency in the Western Hemisphere. 
He has eloquently pointed out that the nations 
controlling the great mineral deposits of the 
world should lead in both industrial and war 
Strength; that no continent is self-sufficient in 
all the minerals necessary for either a complete 
industrial development or the most efficient 
prosecution of war; that the mineral distribu- 
tion is such that no continent can obtain all the 
necessary minerals without sea transportation; 
and hence that the value of sea control can 
hardly be overestimated. 
*The eminent professor of geology at the Univer- 
sity of Wisconsin and member of the National Academy 


of Sciences, whose work has done so much to clarify 
the origin of the Lake Superior iron ore deposits. 


Dr. Lerrnu early called on the National 
Academy of Sciences for technologic help on 
manganese and tin. By February, 1941, the 
problems were multiplying to such an extent 
that he asked the Academy to arrange for a 
comprehensive organization to provide the 
Office of Production Management, successor to 
the Advisory Commission to the Council of 
National Defense, with advice on metals and 
minerals. 

Frank B. Jewerr, President of the National 
Academy of Sciences, created such an organiza- 
tion known as “The Advisory Committee on 
Metals and Minerals of the National Academy 
of Sciences and the National Research Council”. 
CrypeE head of Battelle Memorial 
Institute, is Chairman — and a most able one. 
The Committee has been subdivided into four 
main groups, as follows: 

Ferrous Minerals and Ferro-Alloys Group 

Chairman: GiLBert E. Sei_; 11 members 

Non-Metallic Minerals Group 

Chairman: R. P. Hever; 12 members 
Tin Smelting and Reclamation Group 

Chairman: F. W. WILLARD; 6 members 
Metals Conservation and Substitution Group 

Chairman: Zay Jerrries; 27 members 

Problems on which advice is sought orig- 
inate in O.P.M. and clear through Dr. Lerru to 
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fidential, some are confider | jy 
part, and others are availa} © fo, 
release to interested parti: In 
the short time allowed fo: this 
presentation, only a few high 
spots can be covered. Being nor 
familiar with the group of which 
I am chairman, I shall confine 
my remaining remarks to th 
work of the Metals Group. Any 
opinions offered in the following 
notes are personal. 

Before the complete organ- 
ization of the Metals Group on 
March 15, 1941, we had responded 
to an urgent request from Dr, 
Leiru for a report on the nickel 
situation. 
only impending, it was at hand. 
To date, 23 other formal reports 
have been submitted. Still other 
reports are being prepared and 


A shortage was not 


no end of problems seems in sight 
while the emergency lasts. 


\/ 


AY, 


To gain some idea of the 


\ x 


scope of the studies, it may suflic 
to name the 
formal reports have been or ar 


metals on which 


being made. These include nickel, 


aluminum, magnesium, zinc, 
chromium, manganese, vanadium, 
tungsten, molybdenum, copper, 
tin, antimony, cadmium, lead, 
cobalt, mercury, iridium, ruthe- 


nium, low-alloy structural steels, 


Where Does All the Metal Go? 27,000 tons of structural steel alone 
went into a mile-long assembly building ai Fort Worth, Texas, 


Photo courtesy The Austin Co., engineers and builders 


die castings, and steel and cast 
for bombers. iron rolls. Other reports cove! 
specific processes relating to on 


or more of these metals. 


Mr. Wituiams who makes the specific assign- SITUATIONS SHIFT RAPIDLY 


ments to the proper group. In the preparation 
of reports, help is sought from the most author- 


itative sources including individuals, univer- 


The O.P.M. has specialists on each of th 
major metals and our committee cooperates 
closely with them. The metal pictures chang 
so rapidly that it is necessary to contact these 


sities, companies, government agencies and 


bureaus and independent laboratories. All these 


groups have cooperated splendidly; they not 
I I 7? specialists at intervals to avoid working on 0!)s0- 


only have given of their time and energy but . 
fee 5 5. lete phases of the metal problems. By working 
have literally opened the archives of their con- F M 
: ee on the right problems our group helps © 
fidential information. I hope that after this 
to a better understanding of the metal require 
terrible international storm has passed there 
ments for both defense and non-defense “14, 


will be given adequate recognition of such 
service. 


Some of the committee reports are con- 


*Some have been released to the press 
instance, the one on chromium reprinted on p 
of October’s ProGress. 
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ped, toward a wiser administration of 
the tal allocations. 

e steps taken to ease the nickel shortage 
stitutions put an added burden on other 
such as chromium, copper and vanadium. 
\ U) eatened aluminum shortage put a heavier 
mn copper and zinc, among other metals, 
and 2 zine shortage still further strained the 
copper supply. A shortage in one metal tends 
io eal into the stocks of other metals. 

fecause the steel production is ten times 
that of all other metals combined, it has taken 
much of the substitution load and, in the end, 
it must provide the lion’s share of any substan- 
tial increase in metal consumption. Even now, 
steel is scarce. A few months ago it seemed as 
if lead would be plentiful. Unavailability of 
such metals as copper, zinc and aluminum in 
sufficient quantities to meet the large non- 
defense demands has finally resulted in an acute 
lead shortage. 

Thus the story of the past six months has 
been one of a succession of metal shortages 
encompassing all the major metals. Of the 
important defense metals, the supply of molyb- 
However, if 


loa 


denum alone seems to be ample. 
the emergency lasts a year or two longer we 
may look for a shortage of this metal. 

To make the situation worse, there is the 
criticism that our stockpiles of essential metals 
are too low. This is true, but the critics are dis- 
playing hindsight wisdom. Large stockpiles of 
strategic metals cannot be built up during a 
world war. The substantial accumulations must 


be made in peace-time, and authorizations were 
not adequate until it was too late. 

Are things actually as bad as this recitation 
sounds? Are the shortages real? Is there a ray 
of light ahead? Surely we do not want to be 
complacent in the midst of a program calling 
for every constructive effort; but neither should 
we become hysterical and lose our sense of pro- 
portion. In pointing out some of the brighter 
facets I shall try to steer the middle course 
between complacency and hysteria. 


UNPRECEDENTED METALLURGICAL 
SUPPLIES 


First, the shortages are not caused by a 
lower supply, but by a greatly increased 
demand. The supplies of the various metals 
are the greatest in history. Some of the minor 
metals are available in amounts exceeding twice 
the normal consumption. Even our steel pro- 
duction is 25° above that for a reasonably good 
peace-time year. However, for the past 12 
months the people of the United States have 
been on a buying spree. Fear of shortage and 
fear of higher prices both induce buying for 
future use. The extent of purchases beyond 
immediate needs is unknown, but, judging from 
spot checks, this must have been an important 
factor in the large demand. 

When it is realized, however, that this 
tremendous non-defense use of metals has been 
concurrent with a major program of building 


and equipping defense plants, the wonder is 


Personnel of Metals Conservation and Substitution Group 


Ronerr S. ARCHER H. W. 
Republic Steel Corp. 

E. W. BENNETT W. C. HAMILTON 
Dow Chemical Co. 

\. L. BorGEHOLD 
General Motors Corp. 

S. K. Cotpy 


Aluminum Co. of America 


D. K. Crampton JouNn JOHNSTON 


Chase Brass & Copper Co. 
W. H. Eisenman, Secre 
Mas. L. FLercuHer 

Frankford Arsenal 
lonN R. Freeman, Jr. 

American Brass Co. 

Jam P. GILL 

Vanadium-Alloys Steel Co. 


Ropert F. 


Battelle Memorial Institute 


American Steel Foundries 
CuHar_es H. Herry, Jr. 
Bethlehem Steel Co. 
Zay Jerrries, Chairman 
General Electric Co. 


U. S. Steel Corp. 
Research Laboratories 


H. Leacu 
Handy & Harman 


Carnegie Institute of Technology 
Pau. D. Merica, Vice-Chairman 
International Nickel Co. 


W. M. Perret 

New Jersey Zine Co. 
ALBERT J. PHILLIPS 

American Smelting & Refining Co. 
B, Prict 

Scovill Mfg. Co. 
H. S. Rawpon 

National Bureau of Standards 
Lr. Cot. S. B. 

Watertown Arsenal 


Water C. 
Cerro de Pasco Copper Co. 


Union Carbide & Carbon Corp. 


JEROME STRAUSS 

Vanadium Corp. of America 
F. W. WILLARD 

Nassau Smelting & Refining Co. 
W. P. Woopsipt 

Climax Molybdenum Co. 
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not that shortages appeared but that it was pos- 
sible to provide metals for both activities. As 
the defense plants are brought into production 
they will naturally require a larger percentage 
of the metals, but they will also need a larger 
percentage of the labor, transportation, elec- 
trical energy and many services, thus tending to 
lessen dislocation resulting from the curtailment 
of the use of metals in non-defense industries. 

Another favorable factor is the quality of 
the available alloys. The supply of steel alloy- 
ing elements such as nickel, chromium, molyb- 
denum, vanadium, and even manganese, is so 
much greater than normal that a larger per- 
centage of alloy steel is being made than ever 
before. The enhanced quality of the alloy steels 
not only makes possible more war material 
from a given tonnage, but it will make our 
munitions, all along the line, superior to those 
of the Axis powers. So, to the greatest metal 
quantity of all time, we can add the highest 
average quality of all time. 

Now, a few words about the stockpiles. 
Notwithstanding the late start and the war con- 
ditions, stocks of some of the most strategic 
metals have been accumulated. While these 
stocks are not nearly as large as desired, they 
are large enough to cushion any sudden blow, 
and they have been built under most trying 
circumstances. Then there is additional com- 
fort on the stockpile matter. Because we have 
been for vears the greatest industrial nation and 
have consumed more metal than any other 
country, we have the greatest of all stores — the 
metals in use. Except for normal scrap recov- 
ery, we have never really drawn from this vast 
store of metal because we have never had the 
need to do so. This reservoir can be tapped to 
almost any extent required by the emergency. 
For example, if aluminum is desperately needed, 
100,000,000 Ib. could be drawn off in a few 
weeks. 

Again, we have watched the succession of 
shortages, but have we learned anything from 
the experience? 

Yes, we have learned much. We have found 
that in many places non-metals, such as plastics, 
glass, fabric and wood, can be substituted, at 
least temporarily, for metals. We have seen 
that, although there are places in which the use 
of a particular metal is well-nigh indispensable, 
there are suflicient uses of nearly all the metals 
in which a wide variety of substitutions of other 
metals can be made so that all the available 
metal can be consumed. It is concluded from 


this that increases in the supply of any tg) 
help the whole situation. 
be made where expansion is easiest, che pes; 


The incr ‘an 
or soonest. This gives assurance that sjee| 
expansion will solve many of the shortac.s jy 
non-ferrous metals, at least during the «mer. 
gency. This is, indeed, an important conclision. 


TIME IS OF THE ESSENCE 


Another important factor is over-expecta- 
tion on the part of the inexperienced. The 
American people are in the habit of expecting 
miracles in production. Vast numbers of auto- 
mobiles, electrical appliances and the like, come 
streaming from the factories without seeming 
Who thinks about the long 
periods of research, of trial-and-error, of 


effort or delay. 


machine development, of process perfection, of 
training skilled workers, and the many other 
steps which necessarily preceded the production 
flow? In the transformation from a peace-time 
to a defense economy, time-consuming ground- 
work must also be laid. Part of it has been 
done, but there is still much of it left to do. 
Progress eventually must be rated on what 
comes off the production line, but at the moment 
it must be judged by the soundness of the 
preparations. They are sounder than many 
people think. 

Let us elaborate somewhat on this. Special 
emphasis has been given in the press to the 
so-called aluminum shortage. During the five 
years ending with 1939, the average new alumi- 
num consumption in the United States was 
256,000,000 Ib. annually. Current production is 
at an annual rate of around 700,000,000 Ib. 
Obviously, there is no shortage from the stand- 
point of normal demand! But aluminum is the 
key to aircraft production, and aircraft produc- 
tion must be still further increased. Therefore, 
a further expansion in aluminum output will be 
necessary. 

Now, one can make some new aluminum, 
by the thimbleful, in the laboratory in a day. 
But we need it in magnitudes of additional 
hundreds of millions of pounds. Mining opera- 
tions must be expanded, great new chemical 
plants must be erected and equipped, new trans- 
portation facilities must be provided, new elec- 
trical machinery built, reduction and fabrication 
plants erected, all of which require time. A‘ter 
all these things are done, production mi: «cles 
will be performed. 

And so it is with much of the defense pre 
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du ». The public should understand these 
thi and, understanding, they will have 
ve vr confidence in what is being done. 


PRINCIPAL NEED: 
To TIGHTEN OUR BELTS 


ertain other factors having a bearing on 
the inetal problem should be mentioned: 
Industry requires more metal during a 
period of expanding production than after the 
expansion is completed. The plant stocks must 
be increased both ahead of and in the produc- 
tion line. Industry has been expanding during 
the past year or more, and part of the apparent 
metal shortage has been used to stock up. 

2». Plant inventories, in raw material, mate- 
rial in process and finished product, are not 
known. The fear complex should stimulate 
rather large inventories, and spot checks tend 
io confirm this view. In general, capacities and 
inventories are apt to be underestimated and 
requirements overestimated. 

3. Much equipment, labor and material, 
such as in the machine-tool industry, are now 
being extensively used to prepare defense plants 
for production. When the defense plants are 
tooled up, these facilities will be liberated, 
part, for direct defense production. 

1. Plans are under way all along the line 
to expand the production of the primary metals. 
The magnitudes range from millions of tons of 
pig iron and steel, down to millions of pounds 
of mercury. 

In an effort to appraise all these factors, 


good and bad, I venture the following opinions: 

(a) There will be ample metal for the 
greatest defense production of all time. 

(b) In addition, there will be ample metal 
to keep up all the essential services, including 
food, heat, light, transportation, communication. 

(c) There will be a considerable amount 
of metal for civilian uses ordinarily regarded as 
non-essential for defense. 

(d) The kind of metal available for many 
civilian uses will in many cases represent 
impairment, but the impaired products will 
serve well during the emergency. 

(e) Many of the substitutions will prob- 
ably have a long-range effect on many products 
and processes, and perhaps even on habits. 

In conclusion, it may be interesting to 
record impressions gained from many personal 
contacts during the past six months and cover- 
ing most phases of the metal industry. In gen- 
eral, the people having the least confidence in 
our ability to produce are those furthest from 
the production lines. They are the ones with 
little information about what is actually going 
on and litthe comprehension of what it takes to 
really produce. On the other hand, the men 
in the storm-center of production — executives, 
engineers, scientists, foremen and skilled work- 
men — have unbounded faith that our defense 
production will greatly surpass anything the 
world has ever seen. 

Assuming that the latter group is the better 
qualified to pass judgment we are, even now, in 
great need of unity of purpose and action lest 
this vast production come too late. Se 


30,000 Parts Make up 650 Sub-Asse ws lie s Going Into 32 Mater Asse wert lies s lee 


One Martin 13-Ton Medium Bomber B-26, 


Shown in Flight on Last Month's 


Cover. Here are a few nose sections in Glenn L. Martin's Baltimore plant 
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Launching of U.S.S. Massachusetts on Sept. 23, 1941 


Hulls and superstructures of modern war ships utilize much weld- 
ing to improve strength and water tightness and to reduce weight 
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Dav Arnott, chief surveyor of 


the erican Bureau of Ship- are all-welded. Even when 
pin ho received the Miller making less radical designs, 
Med of the American Weld- extensive changes in old ship- 


ing octety at the October 
mee ig, said that half of the 


merchant vessels now building 


yards are necessary (and are 
being made) to enable them to 


speed their launching program 
to today’s pressing require- 
ments. In the author's depart- 
ment at Quincy, Mass., are 
thousands of welders, burn- 
ers, heaters and tack welders. 


FLAME CUTTING AND ELECTRIC 


WELDING IN SHIPBUILDING 


By CHESTER A. ROBER 


Foreman, Welding and Burning Departments, Fore River Yard, Bethlehem Steel Co. 


. than three years ago a young naval 
architect, in an article published in a lead- 
ing marine publication, predicted that an enter- 
prising engineer would some day design a 
shipbuilding yard along entirely new lines. 
Equipped with the latest welding and cutting 
appliances, this yard would be laid out for 
progressive welding work; long open shops and 
wide erection platforms would be in evidence, 
overhead cranes would carry fabricated units 
from the platforms to the shipways, where they 
would be welded in place. Are welding and 
flame cutting would speed up production. 
Although at the time many skeptics ridiculed 
the prediction, later developments have proved 
it to be essentially correct, as plants under 
erection today have incorporated these ideas. 
Many old plants have also been modernized and 
equipped with modern welding and cutting 
lools, shop structures have been re-designed for 
Welding operations, suitable platforms have 
been erected and crane capacities increased. 
With these improvements the yards are now 
building ships faster and more economically 
than ever before. 

\lthough much has been written about gen- 
eral yard layout for modern construction meth- 
ods, little has been said of the actual welding 
ane cutting methods. Take for instance flame 


cutting, as practiced at the Fore River Yard of 
the Bethlehem Steel Co., Shipbuilding Division. 
This procedure has widened the scope of all 
welded steel fabrication. In fact, it has made 
welded fabrication practicable by providing a 
method for shaping parts of all sizes and con- 
tours from steel plates and slabs, at a cost 
within reasonable bounds. The same _ parts 
could be made by other methods, but at a cost 
that would be prohibitive. 


FLAME CUTTING INDISPENSABLE 


Several types of flame cutting equipment 
are in use at this plant, both hand cutting 
torches and machines for straight line cutting, 
shape cutting of various contours, and for multi- 
Shape 


cutting machines are used for circular and 


ple shape cutting of larger sections. 


elliptical shapes of smaller dimensions. In gen- 
eral, such machines now take the place of other 
more expensive equipment and also reduce the 
load on the already overtaxed machine tool 
industry. Hand cutting is used only on work 
not adaptable to machines. 

Materials like shell plating requiring double 
and single bevel joints and all work of such 
nature constitute a major type of operation for 


cutting machines. More specialized machines 


November, 1941; Page 753 


| 


defect is completely removed and the | yijy 


dug out in this way requires little fu je, 


preparation for welding. 


ARC WELDING OF PLAIN STE} 


Practically 95° of the welding in a ship- 
vard is done by the manual metallic are method, 
a procedure noted for its flexibility. The elec. 
trodes vary in size from ,%; to ~; in., depending 
on the size of plate and fillet or butt, and th: 
size of weld required. All electrodes for Nayy 
work are subject to approval by both U.S. Nayy 
and the vard service. The larger sized elee- 
trodes are employed in vertical and overhead 
positions as rapidly as workmen can be trained 
in their use. 

On ship work the welding positions must 


follow the ship lines, and about 75‘. of ship 
welding is in the vertical or overhead position, 


In the shops every effort is made to use posi- 


Portable Machine for Cutting Circles in Steel Plates. tioners, shoring or rotating equipment to obtain 


Scarf may be bevelled by tilting the cutting torch flat position, with its greater speed and economy. 


Shop assembled units requiring preheating 


mie are handled in separate enclosures in the shops 
and are positioned when possible. These units 


are used for cutting pipe flanges and plate col- vary in weight from 5 to 250 tons and are usually 
lars. Multiple cutting machines are used in stress relieved after welding. This type of work 
making floors and for parts that lend themselves includes rudders, shaft struts and stern weld- 


readily to cutting of repetitive pieces, 
such as access openings in inner-bottoms, a) 


floors and similar places where circular or 
elliptical openings are required. 

Another application of oxy-acetylene 
gas is in the annealing of flame-cut surfaces 
on alloy steels of great hardenability, that 
subsequently must be machined or cold 
formed. In such cases a multiple flame 
torch is used for reducing the self-hardened 
edges to the desired range of machinable 
hardness. 

A recently developed tool now used in 
this vard is the flame gouging torch. As 
chipping or other mechanical means of 
removing metal are costly, this tool may 
be a means of reducing the cost of prepar- 
ing joints for welding. It is also used to 
advantage in excavating castings to remove 
defects. The appearance of the molten 
cavity offers definite indications that the 


A Machine for Cutting Bevels on Pipe 
Automatically to Shape so the Piece Will 
Fit Into Another at the Intended Angle 
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To obtain the proper pre- 
vradient incidental to such 
electrical strip heaters are 


Wi 
Ist Temperatures are checked 
fre ntly by small contact thermo- 
co s. and by pellets of specially 
sel (od fusible alloys the melting 
poi of which is near the maximum 
tem erature given in the specifica- 
tions. Strip heaters have the advan- 
tage of furnishing even and easily 
controlled preheat. 

\Vhen welding alloy steels pos- 
sessing marked hardenability aus- 


tenitic electrodes of the 25° Cr, 
1), Ni type are used. These steels 
are not generally preheated, except 
during cool weather, when normal 
preheating temperatures are main- 
tained by torches or electric strip 
heaters. The results of this tech- 
nique have been satisfactory. 

For austenitic types of stainless 
steel in the 18% Cr, 8 Ni group, 
the proper electrodes are used in all 
positions. This type of work 


includes deck coverings, coamings, 


Flame Gouging. 
porosities and other casting defects disclosed by radio- 
graphic inspection, 
Painted lines and numbers indicate areas radiographed 


A process for removing metal around 


Arrows indicate areas excavated. 


and galleys. In the case of fire- 
resistant superheater supports ana- 
lvzing 25% Cr and 20% Ni, an electrode of 
similar composition is used. 


WELDING OTHER ALLOYS 


Many non-ferrous alloys are commonly 
welded in this vard, in particular manganese 
bronze and compositions H, M and G (88% Cu, 
10° Sn, 2% Zn). 
welding and includes routine babbitting and 


This welding is really service 
lead burning. All such welding is centered in 
one shop and is carried out by men who have 
been given special training for this work. 

A special electrode had to be developed for 
use in repairing defects in propellers and other 
Manganese bronze castings, such as valve bod- 
ies, as there was no satisfactory one on the 
market. Rejection of bronze propellers weigh- 
ing up to 10 tons, on account of comparatively 
small defeets which could have been repaired 
by welding, stimulated the research work on 
this problem. As a result the Fore River Yard 
is tow able to make satisfactory electric welds 
on ‘nanganese bronze castings, in a wide range 
of wall thicknesses. 

(wo methods are generally used for com- 


positions G, H and M, which are somewhat 
similar in characteristics. These are the carbon 
are and the oxy-acetylene processes. An elec- 
trode or filler rod similar to the manganese 
bronze electrode has been developed for these 
materials. 

For monel 
10°. Cu) an electrode of similar analysis is 


(approximately 60° Ni and 
used. This work is normally done in the flat 
position and is confined to the sheet metal shops. 
The copper-nickel alloys (particularly pip- 
Cu, 30° Ni type) are usually 
Cu, 30° Ni or a 60% Ni, 
10°, Cu electrode, with satisfactory results. 
Nickel-clad steels are used extensively in 


ing of the 70% 
welded with a 70‘, 


the holds of trawlers, and are welded on the 
nickel side with a pure nickel electrode and on 
the steel side with the standard medium steel 
electrodes. 

Due to the rapid speed of deposit, aluminum 
welding is carried out in the shops only and by 
carefully trained men. For this type of work 
gas welding is used, although are welding is 
possible and is finding wider applications. 

Carbon-molvbdenum steels, commonly used 
in high temperature applications, may be 
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divided into two groups: (a) Large castings 
subjected to gamma-ray inspection; (b) wrought 
materials subjected to X-ray inspection. Large 
castings are preheated prior to welding and 
tested for temperature by small hand thermo- 
couples, because specifications will not allow a 
fusible alloy tell-tale in contact with this mate- 
rial. Parts such as this are generally arc-welded 
in the flat position with a heavily mineral coated 
electrode. Under this classification come turbine 
castings and valve bodies, where welding is 
incorporated in the design of the structure (see 
the photograph below). 

The second group of C-Mo steels, involving 
chiefly high pressure piping, is welded in a 
separate building where mixing of the material 
with ordinary pipe may be avoided. These 
units are also preheated under careful control. 
Special turning jigs and tilting tables are sup- 
plied, so that a minimum of interference with 
continuous welding is obtained. This shop han- 
dles the fabrication, welding, heat treating, 
machining and X-raying of all high pressure, 
high temperature pipe and fittings. An accurate 
record of all work and inspection is kept in 
every case. 

In the Fore River Yard three methods are 
commonly used for welding cast iron. Due to 
its difficulty each repair job is a problem in 
itself. However in the past few years sections 


of cast iron have been repaired, varying roy 
a few pounds to many tons in weight. The 
three methods used are known in the sh 5 as 
the hot method, the cold method, and the rap. 
ing method. 

In the hot method, much considerati jx 
given to the design of the part. Approy riate 
heat is applied to the section by means of |arge 
torches, and this preheating must remain cop- 
stant at all times during and immediately afte; 
welding. The deposit of weld is made with ap 
uncoated electrode at high amperage and 
voltage. When completed the section is reheated 
and blanketed with asbestos. After slow cool- 
ing, this deposit is machinable. 

The cold method is adaptable for smal] 
repairs, not subject to pressure or tightness. Ap 
electrode of alloy composition is used. The 
deposit is made on the cold cast iron and may 
be ground to shape. Pure nickel, monel, or 5% 
nickel cast iron electrodes are used. 

For brazing, the application is dependent 
on the size of the casting and the limiting 
amount of preheat needed for proper brazing 


QUALIFICATION OF WELDERS 


To control the quality of work a system of 
talent classification has been worked out so tha! 
the least experienced men are given the simplest 

type of work, such as mill flat 
work. These men are given 


Turbine Casing Made of Three Steel Castings, Welded 
Together. In this way the foundryman may cast 
individual sections in the most advantageous positions 


U. S. Navy Test No. 1, which 
qualifies a welder to work on 
mild steel plate up to * in. 
thick in all positions. After 
sufficient experience the man Is 
tested on the U. S. Navy Tes! 
No. 2 for mild steel or the No. 2 
special alloy test, which quali- 
fies the welder to work on 
unlimited thicknesses of these 
materials. As the welder’ 
ability increases still furthe! 
and the need arises, le is 
trained and tested according 
to U. S. Navy specifications on 
various other materials such as 
monel, copper-nickel alloys, 
and stainless steel. 

After gaining considerabl 
experience on the types © 
work referred to above, «od !! 
the amount of work war) 
picked workmen are train d 
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we jipe and other pressure vessels. To qual- 
fy om for such work the U.S. Navy Test No. 4 
for essure piping is used. This is by far the 
har ost of all tests and is a reasonable proof 
tho « workman has sufficient skill to perform 
iru. worthy welding. This test supersedes all 
oth tests on mild steels, and a man so quali- 
fied may weld work of any description on this 
type of material. 

fo avoid confusion, a list giving the quali- 


few non-ferrous alloys, particularly the brasses 
and phosphor bronzes. As for aluminum weld- 
ing, two electrodes or filler rods are common, 
either a silicon-aluminum rod or a pure alumi- 
num rod. The oxy-hydrogen flame is used when 
gas welding aluminum. 

Atomic hydrogen is used for very thin mate- 
rials and where accurate heat control is essen- 
tial to good welding. This process is used on 
thin stainless steel and aluminum sheets. 


Workman is welding an elbow ona straight 
run of pipe. Supporting rollers are power 


Scene in the Shop Reserved Exclusively 


for Work on Carbon-Molybdenum Steel 


Parts for High Pressure Steam Systems. 


driven; the control is under operator's foot 


fications of every welder is issued from time to 
lime, and this list informs each supervisor about 
the general ability and qualifications of all men 
assigned to him. Thus a man is rarely placed 
on a job which he is not able to handle. 


SCOPE OF THE VARIOUS METHODS 


Tests similar to the arc welder’s tests are 
als» required of gas welders. Except for alumi- 
iu, gas welding is confined in this yard to a 


Other methods of welding include spot and 
resistance welding. These methods are 
employed on work where thin sections are 
joined, such as in the manufacture of lockers. 

The “Union-Melt” method of automatic are 
welding is used on seams and butts of heavy 
sections, as in bulkheads and decks. It is not 
used extensively at the Fore River Yard; we 
find it less economical than hand welding for 
lighter sections and it also requires a rather 
extensive set-up. 
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Recently sections of stern frames on several 
of our merchant ships have been joined by 
thermit welding. Results have been very satis- 
factory, but this method is not used extensively 
as it is best applicable to the heaviest sections. 

Today such a diversity of materials are 
being used in ship construction that extreme 
care must be taken not to apply welding incor- 
rectly. As a point of illustration, a peculiar 
combination recently presented itself. Flat bars 
of pure nickel had to be joined together, then 
welded to a gun metal frame, which in turn 
was welded to a manganese bronze casting. 
This extreme case shows that the shipyard 
welder must be prepared not only to weld mild 
steels, but low and high alloy steels of various 
carbon content, cast irons, brasses and bronzes. 
Feats unheard of vears ago are performed as a 
matter of course in the welding of metals today, 
and the future holds many more interesting 
problems in store. 

To control such a variety of work the super- 
visor must check all materials to be welded. 


In some cases the type of material is p! inh 


painted on the work, in other cases the gy 
must be consulted. In all cases the supery p's 
office must be kept informed, and when ». -e.. 
sary the head of the department consults it) 
the Development Engineer or Materials | )gj- 


neer and other possible sources of specialized 
information. Thus a workable practice cay 
usually be evolved. However, there frequently 
arise conditions where no precedents ‘ist: 
then the subject is turned over to a group of 
experienced men for consideration. Eventually 
the feasibility of such welding is determined. 

Having the training of the workmen and 
the type of materials under direct control, the 
welding department must apply these factors 
to the work of building ships. The magnitude 
of this problem can be better understood when 
it is realized that a shipyard, the size of the 
Fore River Yard, may employ thousands of men 
as electric welders, burners, heaters, and tack 
welders, who come under the control of the 
welding department. 


Thermit Welds in Stern Frame. 


Such joining methods keep 


the individual steel castings within practicable shipping size 
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Pre tation of the 16th 
Ed d deMille Campbell 
Ver al Lecture was inter- 
not once but twice by a 


ru] 
wa { applause —a circum- 
sta unremembered in 


former occasions. 
indeed are the results achieved 


transparent replicas of the sur- 
face conditions existing on pol- 
ished and etched steel samples. 


Remarkable Light is shed on the true action 


of furnace practice, deoxida- 


by the electron microscope on tion methods, and grain 


refiners, on the mechanism of 
hardening and the hardenabil- 
ily of our commercial steels. 


THE HARDENING OF STEEL 


(CAMPBELL MEMORIAL LECTURE) 


By ROBERT F. MEHL 


Director, Metals Research Laboratory, Carnegie Institute of Technology, Pittsburgh 


(oe LECTURER, in discussing the transforma- 

tion of austenite (the hardening reaction in 
steel), pointed out that Davenport and Bain’s work 
in 1930 which developed the “S-curves” proved 
with great clarity the common assumption that 
the formation of pearlite is a process of nucleation 
and growth. Since the critical cooling rate or 
hardenability of a simple carbon steel depends on 
the maximum rate at which this can occur, it 
seems desirable to inquire into the respective roles 
played by the two factors, namely the rate of 
formation of pearlite nuclei under a given set of 
conditions and the rate of subsequent growth of a 
grain about each nucleus.* 

What I shall have to say will be chiefly an 
account of that which we have learned during 
the last few years at the Carnegie Institute of 
Technology concerning the formation of pearl- 
ite from this point of view. I well realize the 
risks that attend the presentation of new data 

it would, of course, be safer to present old 
information newly disguised, but I should think 
it would be much less interesting. What is new 
is the result of the labors of a number of gradu- 
ate students who have been working with me on 
this subject: Messrs. Jounsox, Hunt, 

‘Matters in smaller type and in brackets are the 


paraphrase; otherwise Dr. MeHt’s words are 
qu | verbatim. 


Pecusstern, Hawkes, Roserts, and Corron, | 
know that Professor CampsBen., in whose honor 
this lecture is given, would have understood the 
satisfaction I have had in associating with this 
group of very able students. 

It should be said immediately that the char- 
acteristics of nucleation and growth processes 
are of wide fundamental importance, applying 
not only to reactions of the sort we are consider- 
ing, but also to many other reactions of metal- 
lurgical importance, among which are freezing, 
recrystallization, and precipitation solid 
solution. There is no uncertainty whatsoever 
concerning the mechanism; it may be readily 
pictured, Fig. 1, in four stages at equal time 
intervals. The transformation starts by the 
formation of nuclei, and during the course of 
the reaction these nuclei continue to form and, 
of course, those already formed to grow, These 
nuclei are pictured as forming at random in the 
untransformed matrix; the number which forms 
per second in a given volume of untransformed 
matrix is the “rate of nucleation”. Each nucleus 
after birth begins to grow; the rate at which its 
radius increases with time is the “rate of 
growth”. 

The isothermal reaction curve has the shape 


This curve 


tvpified by that shown in Fig. 2. 
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represents the percentage of transformation the important effect of carbide particle ang 
product formed as a function of time. At first undissipated carbon concentration gra. jenjs 
the rate of the reaction is slow, then it acceler- upon the rate of formation of pearlite an Ipon 
ates, reaching a maximum at about 50% trans- hardenability. At the moment it will be © »por. 
formation, and then decelerates. The initial tune to point out the effect which they oxer 


upon the structure of pearlite. By preparing 


period seems long, and it has been suggested 
samples of austenite, in one case with re 


that this period is an “incubation period” during 
which the matrix is preparing itself to react, 


dual 
undissolved carbide, and in the other case with. 
out, Roperts has been able to show that jhe 
isothermal reaction product at temperatures 
just below Ae, in the steel with undissolved 
carbide is not lamellar but resembles spheroid. 
ite formed on annealing quenched steels beloy 


20 


) - q@D Ae,; transformed at lower temperatures the 
° Q product becomes increasingly lamellar. On thy 


other hand, the product of reaction for the stee! 
which had been thoroughly homogenized js 
lamellar throughout. These observations ar 
obviously related to the recent work of Paysoy, 
Hopappe and Leeper, presented to the & in 1939, 
on the spheroidizing of steel by isothermal 


transformation. 

It now seems clear that the interesting 
results obtained by Payson apply only to hetero- 
geneous austenite, containing free carbide and 


Fig. 1 —— Four Stages, at Equal Time Intervals, in 
the Transformation of a Region by the Process of 


Random Nucleation at a Constant Rate and Sub- 
sequent Grain Growth, Also at a Constant Rate 


undissipated carbon concentration gradients, 
and it is clear also that the direct reaction prod- 
uct of homogeneous austenite is inevitably 


but this is an unnecessary conception, for the 
form of the curve in the initial period is the 
expected one on the basis that nuclei form with 
time at a constant rate and grow with time at a 


constant rate. 


(Consideration was then given to the opposite 
of the hardening reaction, namely the conversion 


of pearlite into austenite, 
not only to show certain 


lamellar pearlite. 

Let us now the 
pearlite from austenite in simple carbon steels 
of eutectoid composition. 

It is a common opinion that when pearlit: 
forms from austenite, it first at the 
austenite grain boundaries, outlining them, with 
the envelope thickening with time until th 
austenite grains are entirely consumed, Fig. 3. 


consider formation of 


appears 


Such a mode of transformation may be desig- 
nated as “grain-boundary 
transformation”. Since the 


differences in the control- 0 pearlite in such samples 
ling & forms at temperatures 
especially to emphasize 

I 29 | — | near that of the knee o! 
that the austenite is not 

Transformation of the S-curve, it is not char- 
homogeneous when first Peariite Into Austenite 
formed, and that time is S acteristic of transforma 
| 

necessary for uniform 

distribution of the carbon S Fig. 2— Typical Isothermal 
atoms in the gamma iron. S OU ate of ucteation: Reaction Curve. Points repr 

There is at present no S 100 NuckeijnmY¥Sec| sent amount of homogeneous 

method of determining a9 pearlite found by experiment 

the time required to dissi- to transform into 

pate these early concen ~ when held at 1375° F. Curve is 

tration gradients. } 100 calculated from the ra!’ of 


We shall have much 
to say later concerning 


10 


lime in Seconds (Lagarithre Scale) 


100 


nucleation and growth 
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f austenite at the higher temperatures. 
{ temperatures near Ae,, pearlite again 
ites preferentially at the austenite grain 
dary, but the nodules grow very large, 
sressing grain boundaries and thus grow- 
nto and across grains not yet nucleated, 
rbing many austenite grains before imping- 
ipon another growing nodule. This mode 
rmation appears to be a general occurrence, 
vet for some reason it has hitherto escaped 
observation. This large pearlite nodule has 
been named the “group nodule”, and the mode 
transformation may be designated by “group- 


sacted near the knee of the S-curve (such as 
Fig. 3) that the rate of nucleation within the 
grain is extremely low, and this appears always 
to be true of homogeneous austenite. It is, then, 
the low rate of nucleation within the grain, 
together with a rate of nucleation at the grain 
boundary high compared to the rate of growth, 
that causes the austenite grain boundary to be 
clearly outlined and enables us to determine the 
austenite grain size by a gradient quench. But 
austenite is sometimes not homogeneous, and 
heterogeneous austenite (austenite containing 
free carbide) frequently provides a high rate of 
nucleation within the grain, and in this 
case it is difficult so to determine the 


xb 


o* 


Pet 


Fig. 3— Grain-Boundary Transformation of Austenite 
into Pearlite Nodules. In this photograph at 1000 dia. 


austenite grain size. 

The three variables determining the 
isothermal reaction curve for austenite — 
pearlite are the rate of nucleation per unit 
area of the grain boundary surface, the 
grain size (that is, the extent of the grain 
boundary surface) and the rate of pearlite 
grain growth. If two of these are held 
constant and only the grain size varied, 
its effect upon the isothermal reaction 
curve can be calculated. GRrosSMANN 
applied the analysis in this way to the 
reaction precisely at the knee of the 
S-curve and was able to predict the effect 
of grain size alone upon the depth of 
hardening, and the effect of grain size 


upon steels of different hardenabilities. 


The predicted results are in very close 
agreement with depths of hardening 
actually observed. 


by J. R. Vilella the dark nodules have little defin- 


able structure. The lighter matrix is fully hardened 
martensite (austenite transformed at low temperatures / 


THE NODULAR TROOSTITE QUESTION 


nodule transformation”. The essential factor in 
its formation appears to be a rate of nucleation 
very low relative to the rate of growth. 

As we all know well, near the knee of the 
S-curve, pearlite nucleates again at the austenite 
grain boundary, and in a very short time the 
grain is outlined and enveloped in fine pearlite. 
Subsequent transformation consists largely in 
growth toward the center (but trans-boundary 
growth seems to occur, though to a far less 
marked degree). In any event, the rate of 
nicleation is large relative to the rate of growth, 
and the average pearlite nodule is much smaller 
(hon the austenite grain. 

lt is clear from the appearance of samples 


November, 


We should now, I think, devote some 
attention to the nature of pearlite formed 
at the knee of the S-curve, for it is the rate of 
formation of pearlite at this point that deter- 
mines hardenability. 

It has, of course, been known for some 
time that the interlamellar spacing in pearlite 
decreases steadily as the temperature of forma- 
tion decreases. As the reaction temperature is 
lowered, a product is obtained where the micro- 
scope can resolve only part of the nodule, and 
when the temperature is at the knee of the 
S-curve a product is obtained which frequently 
cannot be resolved in any part. Metallurgists 
have ordinarily been content to think that those 
portions which are not resolved by the micro- 
scope are nevertheless lamellar pearlite, but of 
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an interlamellar spacing too small for the reso- 
lution of the metallurgical microscope, as 
indeed was held by Koursarorr and BEeNeEDICKs 
in 1905 and many metallurgists since. Yet there 
have been vigorous dissenters. 

If we are to provide direct evidence on this 
question, we clearly need some method of obser- 
vation providing a markedly greater degree of 
resolution than that characteristic of the best of 
metallurgical microscopes, and such a method 
is now available. During the last few vears, the 
electron microscope, operating electron- 
optical principles, has been developed, which is 
capable of vielding a degree of resolution for 
transparent substances up to 100,000 diameters 
magnification, roughly comparable to the reso- 
lution of the light-optical microscope at 1500 to 
2500 diameters. This microscope will resolve 
distances as small as 100 to 150 Angstrém units, 
and has made it possible to “see” large protein 
molecules. I shall show the first results of the 
application of the electron microscope to the 
study of steel, made in conjunction with our 
studies of pearlite. This work has been done 
in cooperation with V. K. Zwory kin of the Radio 
Corp. of America and his associates. 

The electron microscope operates on the 
principle that a beam of electrons may be 
spherically diverted, on passing through a mag- 
netic coil, in a manner analogous to the refrac- 
tion which light waves suffer on passing through 
a lens, producing an analogous magnification. 
With a suitable system of such magnetic lenses. 
an electron beam may be passed through a sam- 


ple more or less transparent to it, and a gr: tly 
magnified image obtained which may be vi, ed 
on a fluorescent screen or photographed. 

Metal samples, however, cannot be |< seq 
directly on the present form of the elec pop 
microscope, for in usable sections metals are 
opaque to the electron beam, as they are to |i cht. 
Reflection methods as employed in the metal- 
lurgical microscope are not available, and 4 
different solution to the problem is necessary. 
This is found in the replica method adopted 

The technique in its present form consists 
in preparing a sample by the usual metallo- 
graphic means and etching it for viewing at high 
magnifications. This sample is then coated with 
a layer of silver 0.1 mm. thick, deposited upon 
it by evaporation from massive silver; this layer 
is then stripped, its under surface bearing a 
minutely accurate contour replica of the surface 
of the sample. Upon this silver replica is placed 
an extremely thin layer of collodion, smooth on 
top, and the silver removed from it by solution 
in acid, vielding then a second replica, now a 
positive of the original steel surface. This thin 
second replica is then placed in the electron 
microscope and photographed. {Applause!| 

Now this “collodion transmission electron- 
photomicrograph” is one in which the high spots 
on the original sample appear dark, for the 
collodion replica is thick there, and the low 
spots light, for there the replica is thin. The 
result is a contour photograph, differing in 
appearance somewhat from the ordinary photo- 
graph, losing some of its advantages, gaining 


others, and of course gaining 


greatly in magnification and reso- 


Fig. 4 


Electron Photomicrograph of Collodion Replica of Fine Pearlite 
Formed at 1180° F., Exhibiting Numerous Places Where Cementite 
Bridges the Intervening Ferrite Lamella. Magnification 25,000 diameters 


lution. With pearlite, cementite 
appears dark and ferrite light, as 
they do in ordinary photomicro- 
graphs. 

Figure 4 is an electron micro- 
scope photomicrograph at a mag- 
nification of 25,000 diameters ol 
a sample of pearlite formed iso- 
thermally at 1180° F.; it is a 
pearlite readily resolved by the 
ordinary microscope which ts 
introduced here merely to show 
the general appearance of elec- 
tron microscope pictures. It 
shows what appears to be a clr 
acteristic of pearlite wh ch 
becomes more pronounced as 


temperature of formation 


decreased, namely, that 
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ite occasionally connects one cementite 
vith the adjacent one. This bridging effect 
s to be the more marked the finer the 
ie, as Shown in a pearlite formed at 1075°F. 
sure 5 shows a pearlite formed at 1100° 
ich nearer the knee of the S-curve, at a 
fication of 30,000. It 
ition that can be attained. 
many others 200 electron 
photomicrographs have now been made 


demonstrates the 
This sample 
some micro- 
ow no areas that cannot be resolved into 
lamellar pearlite, and it appears a reasonably 
safe conclusion that nodular troostite is in fact 
pearlite of a very small interlamellar spacing. 
We are, then, evidently resolving structures 
which the ordinary microscope cannot resolve. 
| have selected the best photomicrographs of 
nodular troostite taken through the years with 
the ordinary microscope, and measured the 
minimum spacing which could be resolved; this 
spacing is 860 AngstrOém units. Similar studies 
on the photomicrographs taken in the electron 
microscope provide a minimum spacing of 
300, A, and it thus appears that a new degree of 
resolution has already been attained. 

Samples of “upper bainite” provide very 
interesting electron microscope photomicro- 
graphs, as shown in Fig. 6, taken at 18,500 diam- 
eters. Here the light ferritic areas are clearly 
defined; note there is no clear registration of 
carbide particles. 

As a last demonstration of the possibilities 
of this technique, we may view a 


martensite tempered at 930° F, 


possessing a structure which 


the 


Was poorly 


under ordinary microscope Fig. 5 
delineated, to say the 
least. The electron microscope 
photomicrograph (Fig. 7), at a 
magnification of 50,000 diameters, 
shows light-shaded islands of 
ferrite and what appears to be a 
fine carbide dispersion, with par- 
ticles 0.8 mm. apart on the photo- 
graph clearly resolved, equivalent 
fo an absolute distance of 150 A 
or approximately 50 atom diam- 
tlers. | Applause! | 

With these preliminary state- 
ments of principles and methods, 
the lecturer then presented evidence 
thout specifie factors which influ- 
enc> the rate of formation of pearl- 
ile. His first conclusion is that the 
rat of growth of a pearlite grain, 
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once growth is started, is far less influenced by 
variations in microstructure and minor changes in 
composition than it is by the rate of nucleation. 


Pearlitic grain growth, then, is a “structure insen- 
sitive” property. The 


hardenability in simple carbon eutectoid steels, 


reasons for differences in 
depending on differences in the rate of formation 
of pearlite near the knee, must therefore be sought 
in differences in the rate of nucleation and not in 
the rate of growth. Of course, temperature is 
important; both the rate of grain growth and 
nucleation increase rapidly as the temperature 
lowers. Alloys also exercise distinct effects, but 
this lecture considers only eutectoid carbon steel. 

One surprising result of HULL’s recent work 
that the 


nucleation rate is not a precise constant, as 


at Carnegie Institute of Technology is 
assumed in the earlier paragraphs, but increases 
with time. This behavior appears to be general, 
but since the total time at the knee of the S-curve 
is very short, only the average can be determined 
by present techniques and computations. 

The facts just recited refer to homogeneous 
austenite. But it seems clear to me that austen- 
ite as produced commercially is infrequently 
The 
departure from this ideal state produce marked 


truly homogeneous. various degrees of 
variations in rates of formation of pearlite, and 
in extreme degree produce variations in hard- 
that 
differences in 


these varia- 


the 
nucleation; it has already been shown that they 


enabilitv. It will be shown 


tions originate in rate of 


cannot originate in differences in the rate of 


subsequent growth. 


Electron Photomicrograph at 380,000 Diameters of Fine Pearlile 


Irre- 


solvable Optically) Which Was Formed Near the Knee of the S-Curve at 1100 br. 
Thinnest lamellae so far observed are about 300 Angstrom units thick (100 atom 


diameters). Dark areas are silver particles undissolved from the collodion replica 
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It has been said that undissolved carbide 
and undissipated carbon concentration gradi- 
ents are effective in determining hardenability, 
that is, the depth of hardening. Barn stated this 
clearly in the seventh Campbell Lecture, citing 
a case where a steel with residual carbide hard- 
ened almost not at all, whereas the same steel, 
with all carbide dissolved, hardened through- 
out. Morris and McQuaw at the @ Hardenabil- 
ity Symposium in 1939 emphasized the necessity 
for thorough austenitizing to provide homoge- 
neous austenite if full hardenability is to be 
realized, as did Gorpon WiuL.iaAMs last year, to 
select but a few of the references. 

In order to determine the effects of specific 
factors on the rate of nucleation, several series of 
experiments were cited. Samples of a single steel 
were austenitized for 30 min. at temperatures 
ranging from 1550 to 1950° F., and the relative 
rates of nucleation per sq.mm. of grain boundary 
area decreased steadily as the temperature rose. 
In this fairly uniform austenite prepared at a high 
temperature the pearlite nucleated at 1245° F. 120 
times as fast in the sample austenitized at 1550° F. 
The effect of time at a single temperature was also 
studied. The steel was a commercial simple car- 
bon eutectoid steel with 0.80 carbon, 0.74°° man- 
ganese, silicon-killed; after austenitizing, it was 
reacted to pearlite at 1255° F. The austenitizing 
temperature was 1610° F. (near Ae,), and the 
times of austenitizing varied from 5 to 90 min. 
Rates of nucleation varied by a factor of 1000; the 
fast rate being noted in the sample heated the 
shortest time above Ae,, and containing observable 
undissolved particles of carbide. | 


Similar studies for a reaction temperature 


of 1100° F., which is near the knee, giy ap 
important result: Differences in austeni! :ing 
time at 1610° F. still exert a sensible infli nee 
upon the rate of reaction and upon the ra © of 
nucleation, but it is a very much smaller j):fly- 
ence than that at nucleation temperatures jjear 


Ae, 


a factor of 2 instead of a factor of 10060. 

Evidently, then, the rate of reaction to 
coarse pearlite near Ae, is far more sensitive 
to small variations in homogeneity in austenite 
than the rate to fine pearlite near the knee. This 
fact should be of some importance in the heat 
treatment of very large sections which quench 
to pearlite, transforming at relatively high tem- 
peratures. It would appear that such sections 
should be homogenized unusually thoroughly in 
order to decrease the rate of formation of pear|- 
ite, and accordingly upon cooling to react at a 
lower temperature, giving a finer pearlite and 
thus a greater ductility and strength. Ordinary 
hardenability tests would be unreliable in pre- 
dicting this behavior. 

At the moment it appears that free carbide 
particles must be reasonably numerous and 
small to exert an appreciable effect upon hard- 
enability, and it appears also that when such a 
condition obtains in austenite, pearlite tends to 
nucleate generally throughout the austenite 
grain and not solely at the grain boundary. 
Conversely, if in a hardenability test specimen 
the partially hardened zone exhibits pearlite 
nodules distributed generally and not restricted 
to nor even preferentially located at the austen- 
ite grain boundaries, it may be suspected that 
the steel in this condition is rapidly reacting, 
and therefore of low hardenability. 


It is interesting that pure steels 


Fig. 6 


av 


-Structure at 18,500 Diameters of Bainite Formed 
From Martensite Somewhat Below the Knee of the S-Curve. 
Clear ferrite; no separate carbide particles discernible 


transform on treating from pearlite 


to austenite much more readily than 
commercial steels, and upon reverse 
transformation at the knee show 
practically 
boundary nodules, whereas com- 


nothing but grain- 


mercial steels, austenitizing much 
more slowly, frequently show gen- 
eral nucleation. CoLron has shown 
clearly that the more thorough the 
austenitizing treatment in commer- 
cial steels the more completely coes 
the transformation occur at the 
grain boundary. 

Steels with anomalous har: cn- 
abilities are frequently repor ed, 


i but in at least many of these ¢ ses 
le the reason does not lie in any ! Ys 
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effect of furnace practice but in the 
ected presence of carbide. In attempting 
tion of such cases, it would appear advis- 
) look first to the state of homogeneity of 
‘ite; such differences produce differences 
denability in the manner described. 


FECT OF DEOXIDATION PRACTICE 


(he opinion is held by some that deoxida- 
tion practice has an influence upon the rate of 
formation of pearlite and upon hardenability 
apart from the effect of deoxidation upon grain 
size and apart from any effect of residual car- 
bide. A number of such cases were cited at the 
& Hardenability Symposium in 1939, and sev- 
eral others have been cited since in papers 
before this society. This opinion appears to rest 
on two bases — first, that since observers report 
differences in hardenability which they have 
been unable to attribute to differences in grain 
size or of composition, some effect must be pres- 
ent, possibly an unknown effect of deoxidation 
practice; second, that since inclusions are some- 
times observed to exert a nucleating effect upon 
pearlite, variations in deoxidation practice, pro- 
ducing various types of inclusions, ought to 
produce differences in hardenability. 

It is at least clear that a rigid distinction 
must be drawn between, on the one hand, the 
effect of deoxidation upon grain size and the 
effect which grain size has upon hardenability, 
and on the other hand, the effect which deoxida- 
tion products have upon hardenability entirely 
apart from any influence which 


four, Co-Ton has obtained similar data for rates 
of nucleation near the knee, at 1100° F., and 
these show a difference, but only by the small 
factor of two, inadequate to produce a measur- 
able difference in hardenability. With the 
austenitizing treatments employed, no residual 
carbide could be detected, and nucleation was 
predominantly at the grain boundary. It is clear 
from this that such deoxidation exercises only 
a minor influence upon the rate of formation of 
pearlite at all temperatures. 

There can be no doubt that deoxidation 
products can cause nucleation within the grain 
similar to that caused by residual carbide, as 
shown by Barn in 1932 and as cited by Morris 
and McQvuaw and by Greene in 1939, by Gross- 
MANN and SrePHENSON in 1941, and others, but 
the effect is slight. As Burns showed in 1939, 
variations in residual alloy in commercial steel 
are ordinarily great enough in their effect upon 
hardenability much to exceed this. 

Thus far, in summary, it appears to me a 
fair statement that variations in hardenability 
are brought about first by variations in grain 
size, as this is determined by deoxidation prac- 
tice, affecting the rate of nucleation; second, by 
variations in composition — deliberate or acci- 
dental — affecting both the rate of nucleation 
and the rate of growth; and third, by inadequate 
carbide solution, affecting the rate of nuclea- 
tion. There is no case proven as an exception 
to this of which I am aware, nor does it seem 
possible that there should be one in ordinary 
commercial steels. 


grain size may have. 


CASH, Merritt, and STEPHENSON 


grained part of a heat, deoxidized 


“a? 


with aluminum, was annealed to 


give the same grain size as that of a 
coarse-grained part of the same 


heat, the depth of hardening was the 
same, and they drew the conclusion 
that deoxidation with aluminum 
affected hardenability only through 
its effect on grain size. 4 
Hutt has determined the rate 
of nucleation of these two steels at 
1100” F, after austenitizing to a sin- 
gle grain size at temperatures high 
enough almost certainly to avoid 
any effect of carbon heterogeneity. 
There is a difference in the rates of 
eation, but only by a factor of 
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- Martensite, Tempered at 930° F., 
Fine carbides distinguished 50 atom diameters 


Magnified 50,000 Diam- 
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CRITICAL POINTS 


By the Editor 


REGRETTABLE ERRORS of omission 
occurred during the multitude of operations 
connected with the production of the big 
October issue. Certainly we should have given 
the vrateful credit to Glenn L. Martin Co. for 
the loan of Metvin Jones’ fine paint- 
Wailing ing used as art work on the covers. 
Also the story of shell produc- 
tion and heat treatment at Frank- 
ford Arsenal (page 509) was written by the 
officer in charge of the Artillery Ammunition 
Department, Lieut. Col. E. C. Bomar. No one 
noted the absence of his “by-line” on page 509 
until long after it was printed, when writing 
copy for the Table of Contents. .... Something's 
wrong with the inspection department. 


ASSED Rosert of International 

Nickel Co. while lost in the corridors of 
OPM’s warren in Washington, where so many 
ASMembers are working on details of the 
defense program. Bos is interested primarily 
in saving more of the nickel in alloy steel scrap. 
Certain large steel producers have arrangements 
with large customers so they segregate armor 
plate and other alloy steel scrap to send it 
Perhaps 1,000,000 
Ib. of nickel a month is now recov- 


directly back for remelting. 
Segregate ered and re-used, but WHEELER is 
that alloy — sure another million could be if 
steel scrap the fabricators and steel plants 
would work together. It disturbed 
him to find that several carloads of S.A.E. 4820 
turnings had gone into a plant making carbon 
steel, and he was particularly distressed by the 
current tendency to consider steels containing 
under 2% nickel not worth saving for their 
alloy content. To segregate is economic as well 
as patriotic. The present price schedule permits 
an S&S premium for scrap analyzing 2‘ nickel, 
and this should more than pay for the extra 
labor and accounting in the fabricating shops; 
it also contains $12 worth of recoverable nickel 
so the steel maker stands to save $4. If anyone 
wants to know how to segregate scrap, go to the 


Wright aero engine plant in Paterson, N. J, 
where FRANK Kent has installed a real system 


at some expense, but it works. 


( UT to the fine new Chrysler Engineering 
Building, as guest of the “Steel Standardiza- 

tion Group” at one of its monthly meetings. The 
group was organized over ten vears ago by F. E. 
McCreary, Chrysler’s metallurgical engineer, 
and has since operated under Mac’s energetic 
chairmanship. It has stuck close to its knitting, 
so to speak, its avowed purpose being to develop 
fool-proof testing methods, so any laboratory in 
any steel plant or in any of the Chrysler shops 
could check the results from any other. It had 
been amply proved that many important details 
of such universal tests as tensile, hardness and 
grain size were left to individual preference, 
and their accumulated effect introduced such 
variations in the results that producer and pur- 
chaser were frequently not 

1 model of 


consumer-producer 


speaking the same lan- 
guage —a situation often 
generating a great deal of 
heat but no light. Stafl 
metallurgists of the principal steel suppliers 


cooperation 


(Bethlehem, Carnegie-Illinois, Great Lakes, 
Pittsburgh Crucible, Republic and Timken) 
have been members of this committee; seem- 
ingly the results of their arguments have been 
most salutary in many unexpected respects 
The lion lies down with the lamb! .. . . The 
main committee has, among other things, been 
steering a so-called “B group” of men in the 
respective laboratories who have actually done 
the work and found out just what is the difler- 
ence, say, between hardenability test pieces 3 1). 
long and 4 in. long. .... Knowledge of correc! 
testing procedure has been only the start of far- 
reaching movements of economic import: ice. 
Shortly after the committee began its actiy lies 
the Chrysler metallurgists were finding oul 10 
to apply the new fine-grained carbon-mol\ \de- 
num steels. Quite naturally some of the ori 1a! 
acceptance requirements were later found | be 
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essarv; during these years the steel com- 
also learned what special melting and 


val 

practices were really necessary. In the 
pt it national emergency, when molybdenum 
is most plentiful alloying element, who can 
i] ise the value of this accumulated knowl- 
ed _... Since automotive steels are used after 


har cning, it early became apparent that the 


ven val — but very obscure — problem of hard- 
enability should be studied, in addition to steel’s 
stalic properties and its machinability. Conse- 
quently various hardenability tests have been 
under serutiny for over five vears. The records 
of this investigation alone fill several volumes, 


and finally it became apparent that the Jominy 
end-quench test was most suitable, and the exact 
details have been worked out. To mention only 
one economic result of the work: Steel pro- 
ducers now make hardenability tests on sample 
ingots cast from the electric or openhearth heat, 
and thus know what the nature of the metal is 
before the ingots come out of the soaking pits. 
rhe clear trend seems to be toward a relaxation 
of chemical limits; the steel of the future will 
probably be specified as a certain type; exact 
chemistry will be of minor importance to the 
purchaser as long as the steel falls within defi- 
nite limits of hardenability. 


tines THE ANNUAL MEETING of the Army 
Ordnance Association, held this year in 
Detroit rather than at Aberdeen Proving 
Ground. Industrialists, army officers, and civil- 
ian engineers lunched and dined sumptuously, 
and heard repeatedly that this was no time for 
relaxation of effort; great though the accom- 
plishments have been, even greater must be 
attempted, and that immediately. Lacking 
specific figures, however, it has a vague and 
inisty appearance to men accustomed to reach- 
ing definite goals, even though that high goal 
may mean 4,500,000 motor cars in a single vear. 
.... The common denominator of all the tech- 
nical addresses by men who are actually pro- 
ducing guns, tanks and powder is 


lime, the that time is needed to start to 
essence produce. For instance, the Bofors 
of arms anti-aircraft gun mount was con- 


production tracted to Firestone in Akron; it 
took four months to translate the 
Swedish metric drawings into American equiva- 
lenis, plan their mass production by mass pro- 
duction methods, and produce two pilot units 
by loolroom methods. Chrysler took three 


moths for the similar stint on the gun itself; a 


factory (to make ten per day) requires 900 
machine tools, only 400 of which could be taken 
Highlight of 
the day was a visit to the tank arsenal, designed 


from the automotive shops. 


for a permanent factory and repair base. Build- 
ing and equipment cost $20,000,000, and seven 
months was required to produce the first ready- 
for-combat unit — an amazing record for Chrys- 
ler’s organization, but nevertheless requiring 
seven months of time. Thirteen months after 
ground was broken, the early production of one 
tank a day has been quadrupled; doubling the 
entire installation is in prospect. [Us heartening 
to see a dozen of these 28-ton babies scurrying 
around the test track, in and out, up and down 

and a line of flat cars, each with a pair of 
tanks blocked up, ready for shipment to the 
United States Army. 


pase THIS POSER: If you emploved 
six researchers for four vears to develop a 
1,000,000-volt’ X-ray apparatus that might sell 
six a vear for perhaps eight or ten vears, what 
should be the “development expense” item in 
the selling price? At a recent meeting in 
Schenectady, Director of Research Cootimeée of 
General Electric did not answer that question, 
but he did point out that previous art had 
already developed 100,000, 200,000 and 400,000- 
volt portable X-ray machines, used by such 
pioneers as Watertown Arsenal, Aluminum Co. 
of America, and the industry making welded 
boilers. Also in existence is a massive 800,000- 
voll medical equipment, so the primary task 
was to build a 1,000,000-volt portable unit. It 
ulilizes the fundamental principle of the pre- 
ceding 800,000-volt machine (and the evelotron 
“atom smasher”), namely that electrons shot off 
at relatively low speed (voltage) 

\-ray tube from a hot metal cathode are 
as powerful given a succession of swift kicks 
as radium as they pass through appropri- 
ate electrical fields, each kick 
adding to their energy. Two fundamental 
improvements were required, however — one, 
the very compact “resonant transformer” with- 
out an iron core to create the electrical fields, 
and second, the use of freon gas for insulation 
(di-chlor-di-fluor-methane to you) with three 
times the dielectric strength of oil but 1/120 its 
weight. The electron tube is placed right along 
the axis of the transformer coils, where the iron 
core would be expected to be, and the tungsten 
target blocks off the square end of a water- 
cooled extension, some 2 ft. out in the clear. 
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Here the sharply focused electron stream is 
converted into X-rays and they emerge in all 
directions — in this respect the source resembles 
a radium capsule. So the tube can be poked 
through the end of a drum and an entire cir- 
cumferential seam radiographed at once; or a 
number of objects set in appropriate fixtures 
about this energy center for simultaneous 
At Henry Forp’s laboratory, for 
instance, six cast crankshafts are arranged 
around the rim of a wheel and radiographed 
Moses of Combustion 


inspection, 


simultaneously. <A. J. 
Engineering Co. says the new equipment is 
absolutely necessary to inspect drums made of 
514-in. plate (welded rather than seamless 
because suitable forging equipment is working 
on other items). .... It's all very mysterious. 
Here is a stream of electrons — supposedly par- 
ticles of electricity — moved along at 1,000,000- 
volt potential and close to the speed of light, 
but with the relatively low penetrating power of 
14 in. of human flesh. These electrons hit the 
tungsten and are stopped cold, but the energy 
is converted into a wave form (whatever that 
means), X-rays which penetrate a foot of steel. 
Maybe it’s the conservation of “size times pene- 
trating power”; electrons with million-volt 
velocities have some size but little penetrating 
power; X-rays have no mass and enormous 
penetrating power. .... Davin Bascu, General 
Electric’s consultant on metallic materials and 
processes, says that the fluoroscope is now much 
used for 100° inspection of white metal cast- 
ings. The sensitivity is about 7% and, since the 
maximum wall thickness is about 14 in., defects 
on the order of 15 thousandths can be seen... . 
Beware, however, of the industrial disease 
racket. Amoebic conditions may be due to a 
hundred causes other than X-ray exposure but 
if X-ray outfits move around the shop it will be 
‘asy meat for ambulance chasers. 


ONDERING much over the shortages in 

metal supplies in this the richest of all met- 
allurgical nations, yet convinced that some of the 
deficits are anticipated rather than actual. Com- 
paring official statements made at intervals, one 
always finds far greater increases in consump- 
tion than increases in production. This is 
explainable by the fact that mines, smelters and 
refineries always have been operated continu- 
ously — 24 hr. daily. There aren't any more 
hours. On the other hand, most consuming 
plants have been on a 40-hr. week, and (poten- 
tially) their appetite for raw material can be 


expanded four-fold merely by working ‘ry ind 
the clock..... Some errors are inherent in ch 
estimates of supply and demand. Gene lly 
the conclusion is less favorable than warr; ted 
by the true situation, because production and 
inventories tend to be under-estimated and on- 
sumption over-estimated. Production gradi ally 
exceeds 100° of rated capacity as bottle: cks 

are eliminated, improved practices 


Thoughts adopted (such as charging hot 
on metal rather than cold metal to electric 
shortages refining furnaces) and attention 


concentrated on fewer products and 
those the ones most adaptable. Requirements 
are always over-estimated in order to be on the 
safe side —the king who lost his kingdom for 
want of a horseshoe nail would gladly have had 
a whole kegful in the farrier’s van. Hence the 
military idea that you ask for twice what you 
think you'll need, and then you have half 


enough!..... This results in some illogical situa- 
tions. In the 1942 figures enough tungsten, 


molybdenum and vanadium are “reserved” for 
toolsteel production at nearly double the cur- 
rent rate, vet the current rate is at practical 
Another 
instance: “Orphan” aluminum from remelted 


capacity of the American industry. 


scrap and first runs in new aluminum reduction 
pots is accumulating at the rate of millions of 
pounds monthly; the armed services don’t want 
it for castings for it is off-analysis, and civilian 
industry can’t get it because of tight priorities. 
It might do for the thermit filling of incendiary 
bombs, if we had any magnesium to make the 
bomb cases. (Of course almost any aluminum 
that would cast would serve as a case.) .. .On the 
other hand, early and vigorous attention to some 
of the strategic metals has proven a God-send. 
Tin is entirely imported over long distances, and 
is being consumed at a record rate. Yet the 
government stockpile grows steadily, if slowly. 
month by month, and a report from a_ large 
alloy maker only recently said that “it has been 
available in a perfectly normal way”. Likewise 
we will have our own smelter making tin from 
Bolivian ores early in 1942. Again: Manganese 

a metal plentiful at home but existing 1) 
un-wanted ores — is normally held in privately 
owned stockpiles to about a year’s supply. | lus 
has been increased materially; Anacond 


producing 60% nodules at the rate of 12)(1" 
tons a year; Cuban output is increasing; © et 
American sources are in preparation; anc |! 
ordnance department is willing to save 1c 
third the alloy in its shell steel. 4 
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maximum 
oy steel is 0.05 
specified to 
t is recommended that the full range be 


Sulphur range: 0.035 to 0.050 


~ 
> 


0.040 
0.040 
0.040 
0.025 
0.025 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 


0.040 
0.040 
0.040 
0.025 
0.040 
0.025 
0.025 
0.040 
0.040 
0.025 


0.040 
0.040 
0.040 
0.025 
0.025 
0.040 
0.040 
0.025 
0.040 
0.025 
0.040 
0.025 
0.040 
0.040 


SSSSSESSS SSS SESE 


> 


SSSSSSSSEE SEsesssss Sz 


Rods 


Rods 


A. I. I. 


Max.* 


0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.025 
0.040 
0.025 

0.040 


0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.025 
0.025 
0.040 
(a) 
(a) 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 


0.040 
0.040 
0.040 
0.025 
0.040 
0.025 
0.025 
0.040 
0.040 
0.025 
0.040 
0.040 
0.040 
0.025 
0.025 
0.040 
0.040 
0.025 
0.040 
0.025 
0.040 
0.025 
0.040 
0.040 


0.040 


0.040 
0.040 
0.040 
0.040 
0 040 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.040 
0.025 
0.040 
0.040 
0.040 
0.040 
0.040 


phosphorus 
each 


eitner 


Basic Openhearth Phosphorized Carbon Steels 


0.08 max 
0.08 max 
0.08-0.13 
0.08-0.13 
0.08-0.13 


Acid Bessemer Sulphurized Carbon Steels 


0.09 max 
0.13 max 
0.08-0.13 
0.08-0.13 
0.08-0.13 


(b)—Sulphurized ‘and phosphorized) steel is not subject to check analysis for sulphu 
phosphorus) 


Reprinted from A. 1. S.1. Steel Products Manual, courtesy American 


Tron and Steel Institute. Form due to 


Standard 


Basic* Openhearth Alloy and Electric Furnace Carbon and Alloy Steels 
(Blooms, Billets, Slabs, Bars and Hot Rolled Strip) 


Code 


SSS 


= 
Cwww 


— — 


= 


Code 


Silicon i 


allowed wherever 


Steel Compositions 


Basic Openhearth and Acid Bessemer Carbon Steels 


Semi- 
finish 


1005 
1006 


> 1008 


1008 
1010 
1012 
1012 


> 1013 
> 1014 


1015 
1016 
1017 
1017 
1018 
1019 
1020 


1029 
1030 
1032 
1033 
1034 
1035 
1038 
1040 
1041 
1042 
1043 
1044 
1045 
1046 
1050 
1051 


> 1054 


1055 
1057 
1059 
1060 


> 1061 
> 1062 


1064 
1066 
1068 
1069 
1073 
1074 
1075 
1078 
1080 
1083 
1085 


> 1095 


1006 


NOTE The 
ith a silicon 
0.15 to 0.30 


Semi- 
finish 


mis be order 
0.10 to 0.20 


Code 


D 1034 
D 1049 
D 1054 
D 1059 
D 1064 
D 1069 
D 1074 
D 1078 


D 1095 


ilicon content 


h carbon stee 


steel 


0.06 max 0.35 
0.08 max 0.2 
0.10 max 0 
0.10 max 
0.08-0.13 0 
0.10-0.15 
0.15 max 
0.11-0.16 0 
0.13-0.18 0 
0.13-0.18 0 
0.13-0.18 0.60 
0.10-0.25 
0.15-0.20 0 
0.15-0.20 0 
0.15-0.20 0 
0.18-0.23 0 
0.18-0.23 0 
0.18-0.23 0 
0.20-0.25 0 
0.22 28 0 
0.22-0.28 0 
0.24-0.30 0 
0 25-0.31 0 
0.28-0.34 0 
0.25-0.40 
0.30-0.36 0 
0.32-0.38 0 
0.32-0.38 0 
0.35-0.42 0 
0.37-0.44 0 
0.36-0.44 1 
0.40-0.47 0 
0.40-0.47 0 
0.43-0.50 0 
0.43-0.50 0.60 
0.43-0.50 0 
0.45-0.55 0 
0.45-0.56 0 
0.50-0.60 0 
0.50 60 0.60 
0.50-0.61 0 
0.55-0.65 0 
0.55-0.65 0.60 
0.54-0.65 0 
0.54-0.65 0.85 
0.60-0.70 0 
0.60-0.71 0 
0.65-0.75 0 
0.65-0.75 0 
0.68-0.78 0 
0.70-0.80 0 
0.70-0.80 0.60 
0.70-0.85 0 
0.70-0.85 0 
0.80-0.95 0 
0.80-0.95 9 60 
0.90-1.05 0 
0.08 max 0 
0.10 max 0 
0.13 max 0.50-0.70 


openhearth steels 
maximum; 0.07 to 0 


Basic Openhearth Sulphurized Carbon Steels 


Cc Mn 
0.08-0.13 0.50-0.7 
0.08-0.13 0.60-0.5 
0.08-0.13 0.60-0.5 
0.08-0.13 0.60-0.§ 
0 10-0.1¢€ 1.00-1 
0.10-0.16 1.00-1 
0.13-0.18 0.70-1 
0.13-0.18 0 
0.14-0.20 1.00-1 
0.14 20 1.30 
0.14-0.20 1.35-1 
0.18-0.23 0.60-0 
0.18-0.23 0.70-1 
0.17-0.23 1.35-1 
027-034 1.35 
03 0 39 1.35 
0.37-0.44 0.60-0 
0.42-0.49 0.70-1.00 

C 1140 na ¢ 


nter of 0.07 


Acid Openhearth Carbon Steel Wire Rods 


Mn 
0.50-0.70 
0 
0 0.70 
0 50-0.70 
0 Sf 70 
0.40-0.60 
0.40 60 
0 30-0.50 
0.3 
0.30-0.5( 


in is tabl 
0.10 to 0.25%; or 0.15 to 0.35 


carbon steel 


60 
30 


be 
0.10 to 0.20%; 


s 
Max. 
0.04 0.05 
04 0.05 
04 0.05 
O4 0.05 
o4 0.05 
o4 0.05 
04 0.05 
04 0.05 
04 0.05 
0.04 0.05 
1.04 0.05 
04 0.05 
04 0.05 
04 0.05 
04 0.05 
04 0.05 
04 0.05 
04 0.05 
0.05 
04 0.05 
04 0.05 
04 0.05 
04 0.05 
04 0.05 
0.05 
04 0.05 
04 0.05 
04 0.05 
04 0.05 
04 0.05 
o4 0.05 
04 0.05 
04 0.05 
04 0.05 
04 0.05 
04 0.05 
04 0.05 
04 0.05 
0.05 
04 0.05 
04 0.05 
4 0.05 
04 0.05 
04 0.05 
0.05 
04 0.05 
04 0.05 
0.05 
04 0.05 
04 0.05 
04 0.05 
04 0.05 
04 0.05 
11 0.06 
ll 0.06 
11 0 06 


ordered 


(b) 


0.07-0 
0 08-0 
0.10-0 
0.16-0 
0.08-0 
0.23-0 
0.08-0 


0.10-0 
0 08-0 
0.08-0 
0.16-0 
0 08-0 
0 08-0 
008-0 


0.08-0 
0 08-0 
004-0 


0.04-0.07 


WwW 


th table 


i to 0.15 


q 


= 
| | Bars Rods 
Max.* | | si* Ni Cr Mo 
0.040 15-0.30 con 
) 0.040 15-0.30 Cc 
) 0.040 15-0.30 .. \ \ \ 
2917 0.040 25-3.75 
E 251 0.025 5-5.25 CB \ Peet 
t | 0.040 75-5.25 Cc 
E 251 0.025 75-5.25 Cc 
4 3045 0.040 15-0.30 6.60-0.80  0.60-0.80 
A 5 0.040 0.15-0.30 10-1.40 0.55-0.75 
4 3120 0.040 0.15-0.30 10-1.40  0.55-0.75 1021 \ 
3130 0.040 0.15-0.30 10-1.40 0.55-0.75 1022 
3135 0.040 0.15-0.30 10-1.40 0.55-0.75 1023 
40 0.040 0.15-0.30 10-1.40 0.55-0.75 1025 
3141 0.040 0.15-0.30 10-140 0.70-0.90 C 1026 
3145 0.15-0.30 10-1.40 0.70-0.90 1027 
4 3150 0.15-0.30 10-1.40  0.70-0.90 
49240 0.38-0.45 = 0.15-0.30 65-2.00 0.90-1.20 on 
E3310 0.08-0.13 0.15-0.30 25-3.75 1.40-1.75 
E3316 014-0.19 0.15-0.30 25-3.75 1.40-1.75 
A 4023 2 0.20-0.35 0.20-0.30 c 
4024 0.20-0.35 0.20-0.30 Cc 
A 4027 0.20-0.35 0.20-0.30 Cc 
4032 0.20-0.35 0.20-0.30 Cc 
4 4037 0.20-0.35 0.20-0.30 Cc 
A 4042 0.20-0.35 0.20-0.30 Cc 
A 4047 0.20-0.35 0.20-0.30 
A | 163 0.20-0.35 0.20-0.30 
A 4065 0.20-0.35 0.20-0.30 Cc 4 
A 4119 0.15-0.30 0.45-0.65  0.20-0.30 c 
A 4120 0.15-0.30 0.60-0.80 0.20-0.30 
A 4130 0.15-0.30 0.80-1.10 0.15-0.25 
E 4132 0.15-0.30 0.80-1.10 0.18-0.25 Cc ; 
A 4134 0.15-0.30 0.80-1.10 0.15-0.25 
E 4135 0.15-0.30 0.80-1.10 0.18-0.25 c 
E 4137 0.15-0.30 0.80-1.10  0.18-0.25 
A 4142 0.15-0.30 0.80-1.10 0.15-0.25 
: A 4143 0.15-0.30 0.80-1.10 0.30-0.40 
E 4150 0.15-0.30 0.80-1.10  0.20-0.27 Cc 
A 4317 0.15-0.30 1.65-2.00 0.40-0.60 0.20-0.30 Cc 
. A 4320 0.15-0.30 1.65-2.00 0.40-0.60 0.20-0.30 Cc a 
A 4337 0.15-0.30 1.65-2.00 0.60-0.80 0.30-0.40 
E 4337 0.15-0.30 1.65-2.00 0.70-0.90  0.23-0.30 re 
E 4340 0.15-0.30 1.65-2.00 0.70-0.90 0.23-0.30 c 
A 4608 0.20 max 40-1.75 0.15-0.25 Cc 
A 4615 0.15-0.30 65-2.00 0.20-0.30 c & 
E 4617 0.20-0.35 65-2.00 0.20-0.27 Cc 
4 4620 0.15-0.30 65-2.00 0.20-0.30 Cc 
E 4620 0.20-0.35 65-2.00 0.20-0.27 Cc 
A 4621 0 15-0 30 65-2 00 0 20-0 30 zz Meier) 
E 4640 0.15-0.30 65-2.00 0.20-0.27 B i ws 
A 4815 0.15-0.30 25-3.75 0.20-0.30 B 1008 1 
A 4821 0.15-0.30 25-3.75 0.20-0.30 B 1011 \ ee 
A 5120 0.040 0.15-0.30 0.70-0.90 content of 0.07% 15%; 
A 5130 0.040 0.15-0.30 0.80-1.10 
| 4 5145 0.040 0.15-0.30 0.70-0.90 aera 
A 5150 0.040 0.15-0.30 0.90-1.20 . j 
A 5182 0.040 0:13-0:30 0:70-0:90 
E52095 025 0.20-0.35 0.45-0.65 
E52098 025 0.20-0.35 1.00-1.25 r 4 
£52099 125 0.20-0.35 1.30-1.65 Bars Rods Max. 
E52100 25 0.20-0.35 1.20-1.50 
E52101 025 0.20-0.35 1.30-1.65 C 1108 0.045 
E52107 025 0.20-0.35 1.35-1.65 Cc 1109 0.045 
A 6120 0.040 0.15-0.30 0.70-0.90 0.10 min.V C 1110 0.045 i 
E 6150 0.025 0.15-0.30 0.80-1.10 0.15 min.V Cc llll 0.045 
' A 6152 0.040 0.15-0.30 0.80-1.10 0.10 min.V C 1112 0.045 : 7 
A 9255 0.040 1.80-2.20 iaakenes C 1113 0.045 
A 9260 0.040 1115 0.045 
A 9262 0.040 1.80-2.20 0.20-0.30 C 1116 0.045 ’ 
A 9263 0.040 1.80-2.20 0.30-0.40 C 1117 0.045 7. 
sulphur content for acid openhearth o1 
s 0.15 = n © 1120 0.04 
1.30 to 0.45 or 0.50 manganese C 1121 0.045 
ibi C 1122 0.045 
C 1132 0.045 niga 
C 1137 0.045 | 
C 1140 0.045 
NOTE: The standard ste¢ listed in 
Code || Bars Mn Note (b) s or 0.15 to 0.30 
\ \ 0.25-0.40 0.04-0.07 0.05 max 
1209 \ 0.30-0.50 0.04-0.07 0.05 max 
C 1210 \ \ 0.30-0.50 0.06-0.10 0.05 max 
1211 0.60-0.90 0.09-0.13 0.10-0.15 Max Mas 
0.32-0.38 0.05 0.05 
0.43-0.50 005 0.05 
0.55-0.65 0.05 0 05 
Code c Mn (b) 0.60-0.70 0.08 0.05 
0.65-0.75 005 0.05 
~ 2200 \ 0.50 max 0.11 max 0.04-0.09 0.70-0.80 0.05 0.05 ee, 
110 \ 0.60 max 0.11 max 0.045-0.075 0.70-0.85 0.05 0.05 
0.60-0.90 0.09-0.13 0.10-0.15 D 1083 0.80-0.95 0.05 0.05 
1112 \ 0.60-0.90 0.09-0.13 0.16-0.23 0.90-1.05 0.09 
r f 
CODE: A is bas openhearth alloy steel ear 
B is acid bessemer carbo tee 
P. A. Frasse & Co. is elec tric furnace Hal iy 


Timely information about metals... 
CATALOGUED for your convenience 


Specific answers to many of your questions about the selection, 
fabrication and uses of Nickel alloys are available to you quickly 
from our files. 

This fund of helpful information we have gathered, checked and 
condensed into convenient printed form. The graphs, charts and 
shop guides are especially useful to men handling new materials or 
performing unfamiliar operations . . . and to new employees. This 
literature is available on request. 

You are also offered the assistance of our technical staff in solving 
material problems arising from a temporary lack of Nickel. These 
engineers are offering timely suggestions to many vital industries 
during the present emergency. 

Why not drop us a card asking for list of available literature. 
Your request for the assistance will receive prompt attention. 


NICKEL 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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Ate ‘ent meeting in Schenec- turned manager) described the in. or more thick in the walls 
tady. where the engineering advantages in time, sensitivity is now necessary; such ves- 
app. ations of a 1,000,000-volt and penetration of such high — sels were formerly forged and 


‘ube were demonstrated power radiography when seamless, but now all the suit- 
avy turbine castings, examining seams in welded able heavy presses are pre- 
oses (welding engineer — vessels. Welding of drums 5 — empted for other defense work. 


By A. J. 


General Manager, Hedges-Walsh-Weidner Div., Combustion Engineering Co. 


TEN YEARS’ PROGRESS 


IN RADIOGRAPHY 


EVELOPMENT and improvement of indus- 
D trial X-ray apparatus has been a major fac- 
tor in progress in manufacturing fusion welded, 
heavy-wall pressure vessels. The improvements 
made in the sensitivity of this non-destructive 
test have surpassed expectations; and the reduc- 
tion made in the time required for making such 
lests have been rather startling. For instance, a 
few years ago we were forced to painstaking 
lechnique and cumbersome aids in order to 
make sure that radiographs would disclose 
cracks in 4-in. welds of the order of 1% in. in 
depth. Today we can detect cracks 4g in. deep 
in 6-in. welds. Up until two months ago it was 
requiring 744 hr. to take an X-ray picture of 
12 lineal inches of welds 5%, in. thick. Today, 
24 lineal inches of these welds are being taken 
in 15 min.—a reduction in time of 60 to 1! 
Before discussing the latest major improve- 
ment in industrial X-ray apparatus, a develop- 
ment of the first magnitude, I think you would 
be interested in a brief review of its application 
lo heavy welded pressure vessels during the past 
len years. Their welding is a hazardous ven- 
ture and considered unsafe in the absence of a 
reliable non-destructive test. The X-ray was 
accepted as a reliable test for such welding in 
the boiler industry ten years ago. At that time, 
Which was just prior to the acceptance of fusion 


welding in the manufacture of boiler drums by 
the American Society of Mechanical Engineers’ 
Boiler Code Committee, my company, the Com- 
bustion Engineering Co., purchased from the 
General Electric X-Ray Corp. the apparatus 
shown in the first engraving. This was a 2-tube, 
200,000-volt, air-cooled outfit. At that time we 
were very much pleased with the equipment, 
and while no one had had much experience in 
the X-raying of extremely heavy plate thick- 
nesses, for the average thicknesses encountered 
at that time it was very satisfactory. 

We were dealing with weld thicknesses 
from 1% to 214 in., but the demand for greater 
thicknesses was increasing all the time. From 
the experience gained in making repairs in light 
and heavy welds, we soon came to the realiza- 
tion that this equipment had serious limitations 
as regards reliable sensitivity and reasonable 
exposure time. In the heavier plate ranges prac- 
tically all of the X-ray pictures of welds over 2 
in. were showing up as perfect welds, which was 
not at all reasonable. 

At that time the General Electric X-Ray 
Corp. was preparing to bring out its 300,000- 
volt industrial unit. In fact, I believe several of 
these air-cooled units were manufactured; how- 
ever, these were to be quickly superseded by a 
300,000-volt oil-immersed apparatus. During 
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Fig. 1 First X-Ray 
ment at Chattanooga Pl: nt oj 
Combustion Engineerin. (Co. 
Inc. (Hedges-Walsh-W 
Division) Was a 2-Tuhb, 
200,000-Volt, Atr-Cooled Ou}. 
fit in a Movable Shelter 


was slightly less sensitiv: 
than our old 200,000-yo}| 
air-cooled tube, within 
comparable plate thick- 
ness range, due to the us. 
of a larger focal spot. 


2 in., we established the prac- 
tice of double X-raying — once 
on partly finished joints with 
the weld metal at an interstage 
thickness, at which we could be 
sure of detecting important 
defects with the X-ray appa- 
ratus available, and the sec- 
ond time after the welding was 
completed, with the hope of 
detecting any gross defects that 
might arise or occur subse- 
quent to the first X-raying. This 
procedure was most laborious, 
time consuming and expensive. 

The 300,000-volt’ machine, 
which was the second machine 
purchased by us, is shown 
in Fig. 2. This was an oil- 
immersed outfit, and takes 
much less space than the first 
air-cooled tubes. While this 
machine penetrated thicker 
plates, it had no better sensi- 
tivity. As a matter of fact, it 


ae However, the inves- 

tigation we had been 

> = carrying along, in col- 

laboration with the Gen- 

> eral Electric X-Ray 

— Corp., began to bear 

——= = = = == some fruit. After consid- 
erable experimentation 

this time, in the light of our experience, we were with lead screens and other ideas, the General 
questioning whether higher voltages would help Electric Co. brought out an adaptation of the 
the situation much, unless better (more sensi- “Bucky grid” (Fig. 4), which, in a sense, saved 
tive) radiographs could be obtained. There- the day for those of us who were deeply con- 
upon, we jointly undertook a thorough cerned with the reliability of heavy welds. With 
investigation of the matter, which required many its aid we found that we could depend on th 
months. In the meantime, on thicknesses over X-ray test up to 4 in. thickness of plate, but the 


Fig. 2— Oil-Immersed 300,000-Volt Tube. It had greater penetrati 
the radiographs were no sharper because the tube had a larger [0 


€ 
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sme of exposure on this thickness, using the 


trial Bucky” and the 300,000-volt tube, 


ccessive. 


Was 

‘is industrial Bucky combined grid, oscil- 
iatiy mechanism and film holder in one com- 
pac init. We began to use it immediately on 
9 welds and over, and subsequently 


required its use on welds 2 in. thick. I believe 
that the development of this aid, at that time, 
was as startling and encour- 


to us as the 1,000,000- 


were plotted from our earliest data, that the 
400,000-volt machine lifted our limit to mate- 
rial 5 in. thick. However, there have been 
demands for boiler drums of thickness up to 
61. in. or more. Due to the limitation of the 
X-ray test, the user has been forced to go to 
very expensive seamless forgings. At present, 
the forging capacity of the country is so taken 
up with other work that we are being forced 


av 


volt tube is today. To 
demonstrate how the Bucky 
erid pushed back our fron- 
tiers at that time, I show in 
Fig. 5 two views of a very 
serious crack in a 3-in. weld. 
While this crack was so seri- 


ous that it could be easily 
perceived on the negative 
taken without the Bucky, the 
difference in clarity is indic- 
ative of the fact that numer- 
ous cracks of a less order 
could occur in welds made 
day-by-day which could not 
be detected without it. 


Meanwhile we purchased 
our third X-ray, a 400,000- 
volt oil-immersed outfit. As 
helpful as it was in improv- 
ing the reliability of radi- 
ography, the Bucky grid is 


cumbersome and a great 
lime consumer, in that the 
lime of exposure is about six 
limes longer. Extending the 
dotted time-thickness line 
for the 300,000-volt tube, 
with the Bucky (as shown 
on Fig. 6), you will note 
that, as plate thickness 
increases to 4 in., the time of 
exposure approaches 3 hr. 
This clearly demonstrated 
the need for higher voltage 


equipment, not alone to save 


Fig. 3 — 1,000,000-Volt Tube and Universal Suspension. Focal spot 
is at end of 2-ft. tube projecting through end opening of boiler. 
Radiating in all directions, this position enables the entire circum- 
ferential seam between head and body to be radiographed at one time 


lime in lesser thicknesses, 
but to permit us to fabricate 
welded boiler drums above 4 in. in thickness. 

The next development was a_ 400,000-volt 
oil-immersed outfit. On Fig. 6 we have plotted 
data for time vs. plate thickness for the 400,000- 
voll unit, with and without the Bucky, in dashed 
lines. You will note from these curves, which 


to weld greater thicknesses than heretofore 
attempted. This year, we have been fabricating 
some boiler drums 5'4 in. thick. With our 
100,000-volt machine and the use of the Bucky, 
it required 715 hr. to take individual pictures 
of these weld seams. Therefore, you can appre- 
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Fig. 4— Bucky Grid Absorbs and Screens yj 


3 /n. Plate —>| | Grid 
Oscillations X-Rays Which Have Been Deflected From 7 
fy Normal Path. To prevent shadows of the lead © rid. 
it must be moved back and forth constas {ly 
AAD LS thrown on the X-ray tube until these doors are 
closed. 
— LE In the view shown (Fig. 3), the X-ray tube 
~~ X-Ray Beam ————} to is shown located as for taking a picture of the 
circumferential weld seam. For a longitudina! 
— weld the tube points downward and the film js 
inside the vessel; the apparatus of course js 
’ “4 Rg => lifted to the proper focal distance. At present 
J ij, ae Oni we are using films 32 in. long. Ample head room 
bM5yyy is provided, such that even longer pictures may 
ULEfL~ELxzU[ de FS Wood be taken, if it develops that such is feasible. At 
the present time we are continuing with experi- 
—$$——>— ——— ments along this line, together with other 
experiments to determine the desirable thick- 
ciate that we view the development of the ness of lead screen, the quantity of lead shield- 
1,000,000-volt tube, which will take pictures of ing necessary, and type of film. Intensifving 
such thicknesses in 15 min., as progress of the screens and the Bucky diaphragm have been 
first magnitude, found unnecessary. 
I would not presume to go into the tech- Heretofore, the method of radiographing 


nical details of this mil- 
lion-volt machine. We 
have had the apparatus 
such a short time that we 


have not vet worked out 
the niceties of procedure 
and technique. Figure 3 
shows that the unit is 
assembled in a= cradle, 
which is carried by an 
overhead crane. It can 
be traversed in three 
directions by the crane, 
and can be rotated on 
trunnions in the cradle 
from the vertical to the 
horizontal position. The 


equipment is housed in a 
room 21 ft. wide and 60 


Fig. 5 Cross Crack in Weld in 2°%4-In. Plate, Radiographed 
Without and With Industrial Bucky Grid. Many small 


; 7 . defects otherwise invisible may be found when the grid is used 
ried to suflicient height 


ft. long, surrounded with 
18-in. concrete walls, car- 


to insure protection to all 


personnel. The control 


equipment is located in an anteroom connected girth seams shown in Fig. 3 has only been (\0s- 
with the main X-ray room by a concrete maze. sible when using radium. With our old \-'2) 
The control room and adjacent dark room are apparatus we were restricted to very short, 
further protected with additional lead. Large, vidual pictures of circumferential seams. S 
rolling doors of concrete admit motor-driven was a real bottleneck in the production of t! ¢k 
trucks carrying the work. Power cannot be walled vessels. 
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| have mentioned before, one of the 
tartling things about this apparatus is 
iving. This is shown in Fig. 6, a semi- 
log. ithmiec graph with lines showing the 
ire time for various thicknesses, for the 


eX] 
van. is machines. You will note that the 400- 
kyp. performance is based on a 32-in. focal dis- 
tan and that the 1000-kvp. performance is 
base’ on 60, 48, 36, and 32-in. focal distance. 
You will further notice that the 1000-kvp. tube 


affords not only quicker exposure time, but a 
much better ratio between focus, work and film. 
Dr. i. H. Lesrer at Watertown Arsenal obtained 
optimum results with what he called the D/T 
ratio of 20, and recommended a minimum of 
10. With the old industrial X-ray equipment, it 
was impractical to live up to any such mini- 
mum; with the 1000-kyp. tube, more desirable 
ratios can used. The attached tabulation 
shows the approximate technique for 1000-kvp. 
industrial X-ray unit, for thicknesses varying 
from 11, to 7 in., and for focal distances of 60, 
8, 36, and 32 in. This technique is based on 
using 14-in. lead filter between the film and cas- 
sette, and single film viewing. It is known that 
improvements can be made by using double 


be 


films, but we have not yet developed full infor- 
mation concerning this procedure. 

Were we not taking advantage of the oppor- 
tunity to use a better D/T ratio with the 1000- 
kvp. machine, its performance as regards time 
of exposure, as compared to that of the 400-kvp., 
would be more striking. Comparisons drawn 
from Fig. 6 for thicknesses varying from 4 in. 
lo 514 in., using the same focal distance of 32 
in. on both machines, show that the time for 
l-in. steel is cut to 1/35 required by the 400-kvp. 
machine with Bucky, and with 514-in. metal the 


Approximate Settings for Million-Volt X-Ray Unit* 


Focal Distance 
60°98" 36" 32" 
A 


+ + + 


| /ntensifying Screens in Cassette 

Bucky Used Above Iwo inches 
| hickness. 


= Foca! Distance: 


+ 
+ 


A 44 44 


&8 888 


lime, Minutes 
“te 


SCreens, 
V4 Filter 

+ Between Plate and 


| Single Film Viewing. 
| 


1 2 3 4 5 6 ? 8 9 
Thickness, Inches 


Fig. 6—-Approximate Time of Exposure and 
Thickness Limitations for Radiographing Steel 
Plate With X-Ray Machines of Increasing Voltage 


time of exposure required with the 1000-kvyp. 
machine is less than 1% of the time of exposure 
required with the 400-kvp. machine (4 min. vs. 
7% hr.). 

Aside from the saving in time, the new 
machine is much more sensitive in detecting 
small defects in heavy plates. To demonstrate 
this, we have made a number of radiographs of 
a wedge test block (Fig. 7) developed at the 

Watertown Arsenal. It consists 
of two steel wedges 3 in. wide 


and 6 in. long, nested together 


PEAK Mitur- For Respecrive Foca, Distance so as to give parallel outside 
PI IK -OLTS » of ~iges 
\re, IN. |KILOVOLTS' AMPERES 60 Ix. 48 Ix. 86 Ix. 39 Ix. surfaces. One of these wedges 
varies in thickness from 0.281 
Sn pate 6.5 aed in. on one end to zero on the 
890 0.5 1.50 2 
91 950 15 1.50 1.00 - other. In this wedge the re are 
21, 950 1.5 2.75 1.75 1.00 an. two rows of small holes, drilled 
3% 950 1.5 9.00 3.20 1.80 1.25 on %-in. centers, using a No. 
950 20 2.30 60 - . 
1.9 ‘ 1.6 50 drill (0.07 in. diameter). 
1000 3.0 6.00 4.00 2.10 1.70 
1000 3 0 11.00 = 0) 4.00 3 00 Also, extending for the full 
yi, 1000 3.0 18.00 12.00 7.00 5.10 length of the wedge, are two 
1000 3.0 35.00 21.00 11.00 9.00 vertical artificial cracks, vary- 
2 000 28.01 37.00 20.00 00 . . ‘ . 
3.0 08.00 37 — 16 ing in depth from 0.281 in. to 
1000 3.0 100.00 68.00 35.00 27.00 : 
zero. In the experiments we 


*5ingle film viewing; %-in. lead filter between film and cassette. 


made with this test block, we 
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spread the cracks to a uniform width of tion of the crack. At 4% in. thick the cr. ok j. 


0.015 in. discernible but beyond that it is definite! Jos; 

In Fig. 8 are prints of exposure negatives From the evidence already availab! . y, 
taken of this wedge test block, both with the can say without reservation that the develop. 
100-kvp. machine using the Bucky grid, and ment of this 1000-kvp. tube is an advanc: men; 
with the 1000-kyp. machine without it. These of the first magnitude. For the welded pres. 


were taken through the test block laid on a 
thick steel slab, and the wedge on the side = — 


remote from the film. Such films are almost No. 50 Drill (20207 7 
impossibie to print so they show much, but 
numerous negatives, appraised by skilled i 
observers who did not know the exposure ~ Tbs 


details, clearly show that the sensitivity of the eM 


1000-kvp. machine at 6!, in. thickness of plate 
is equal to the sensitivity of the 400-kyp. 
machine with the Bucky at less than 5 in. thick- | £S 
ness. With further study and improvement in 
technique, there is litthe doubt but what this > | 
improvement will show up at even greatet 8 S 3 R&R & 
thicknesses. Further, we have tested the sen Seseqcgcoggggac sa “ 
sitivity of the new equipment by using another 
of test block developed at) Watertown 
Arsenal, This test block consists of a thin sheet Us? 
of steel, 'y in. thick, in which there is a hairline Fig. 7 — Wedge Test Block 0.5 In. Thick Cor- 


taining 0.070-In. Holes to Varying Depths and 
Two Artificial Vertical Cracks 0.015 In. Wid 
Varying in Depth From 0.281 In. to Zero 


crack of unknown, but varying depth. This 
type of fine defect constitutes a much more 
severe test than does the wedge test block. We 


were able to pick up the crack clearly, with Sr 
both old and new equipment, up to 3!x, in. thick- 


ness; but, in the case of the 400-kvp. machine sure vessel industry, this testing equipment! 
and the Bucky grid, it was necessary to orient pushes back our frontiers beyond horizons w 
the grid line at an angle with the known direc- hardly expected to reach a few vears ago. §& 


1000-Kvp. Machine Than From 400-Kup. Machine Using Bucky Grid 


Wedge block on 4-in. steel Wedge block on 4.75-in. steel 
32-in. focal distance; 400 kvp.; 5.0 ma.; 55 min. 60-in. focal distance; 1000 kyp.; 2.0 ma.; 12 n t 
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and determination 


(rrav’ 
nari d the National Metal 
and Exposition. 
Vum vous branches of Govern- 


{ol ess 


ment service sent important 


men fo tell the metallurgists, 
s and wire men, not that 


metals made 


they were doing fine, but that 
their laudable efforts were only 
at the beginning of an intensi- 
fied program. Famines in alu- 
minum and magnesium and 
impending shortages of other 
paramount the 


problems of conservation and 
substitution. Record breaking 
numbers of technical discus- 
stons emphasized that research 
and development keeps pace 
with production — the problem 


is to direct it to armament. 


METALLURGICAL INDUSTRIES 


IN THE DEFENSE PROGRAM 


By MYRON WEISS 


Publishers Consultant, New York City 


(Formerly Science Editor 


for Time) 


|' IS NO NEWS to readers of Merat ProGress 
that an enormously large and enormously 
important industrial show is conducted annually 
in connection with the fall meeting of the ©. 
October saw the 23rd such exposition. It was 
the biggest of its kind. Industrial exhibits cov- 
ered three floors of Philadelphia’s Convention 
Hall and Commercial Museum. Exhibitors 
335. Industrialists who registered 
10,452. Not a 


Philadelphia hotel was vacant. Scheduled tech- 


numbered 


numbered room in a decent 


nical meetings numbered 79. The following 
quintain by Harry Harris of General Alloys Co. 
might well 


been the battle cry of the 


National Metal Congress and Exposition had 


have 


the prosody of his exhortation to his colleagues 
been less impromptu: 

The brain to plan, devoid of fear, 

The steady hand of the engineer, 

The will to do and the guts to dare, 

Experience and science, sense 

That, men, makes National Defense. 

More significant, this National Metal Con- 
gress and Exposition was the most solemn in 
its history. All the world, except the 250,000,000 
in the Western Hemisphere, is at war. And 
these 250,000,000 ‘are arming themselves against 


the threat of war. They constitute the free 


countries of the earth. The United States is 
their arsenal. The National Metal Congress and 
Exposition was the epitome of this arsenal. 

Sponsors. Bulwark of the Congress and 
Exposition was, as customarily: 

American Society for Metals, led by Presi- 
dent Oscar E. Harper, assistant director of the 
Battelle Memorial Institute. 

American Institute of Mining & Metallur- 
The Institute of Metals Divi- 


sion, led by Chairman D. k. Crampton, director 


gical Engineers. 


of research, Chase Brass & Copper Co.; The 
Iron and Steel Division, led by Caries H. 
Herry, metallurgist, Bethlehem Steel Co. 

American Welding Society, led by President 
Guien F. Jenks, Colonel, ordnance department, 
U.S. Army. 

Wire 
Beeson, vice-president in charge of sales, Pitts- 
burgh Steel Co. 

Scientific Sessions. Each 
society provided a large body of learned and 
To make way for the 


Association, led by President J. kh. 


sponsoring 


practical lecturers. 
defense meetings in afternoon and evening, & 
concentrated its technical program in triplicate 
morning sessions, presenting no less than 70 
topics for discussion. The American Welding 
Society was hardly less prolific with 64 papers 


November, 1941; Page 777 


J 
( 
q 
by 
‘ 
UR 
= 
4 
} at 
4 
= 
be 
ok 
We 
re ral 
ws 
a 
Tg 
: 


in 18 formal sessions. To say nothing of the 
informal breakfasts, luncheons, cocktails, sup- 
pers, and open doors, the faithful attendant had 
the choice of 41 technical meetings and 159 
papers scheduled by the five cooperating groups, 
18 general meetings, eight educational lectures 
and 12 panel discussions. Fortunately for the 
faithful attendant, the complete proceedings will 
be available in the respective Transactions and 
societies’ publications. 

National Defense cut across all the soci- 
eties’ programs. Two months before the Congress 
opened Director Rosperr E. MCCONNELL of con- 
servation and substitution for the O.P.M. called 
representatives of these four societies to Wash- 
ington, gave them the latest available informa- 
tion concerning supply and demand for strategic 
and critical defense metals. As result of that 
conference President Harper and Secretary 
Wituiam H. Eisenman of the @ and their col- 
leagues arranged for eleven Philadelphia con- 
ferences on the conservation and substitution of 
important industrial metals. Each conference 
then had a leader, a panel of experts who dis- 
cussed briefly his specialty and answered ques- 
tions, and a summarizer. Their themes were: 

1. Low carbon alloy steel (casehardening). 

2. Manufacture of shell. 

3. Problems in the fabrication of aluminum 
and magnesium base alloys for defense materials. 

1. Higher alloy steels (oil quenching steels). 
». Copper and its alloys. 

6. Stainless and heat resisting steels. 
(7. High strength, low alloy steels (weldable 
grades for pressure vessels, ships, rolling stock). 

8. Inspection of metals for ordnance. 

%. Alloy castings (steel and iron). 

10. Bearings; problems of manufacture and 
use, conservation and substitution. 

11. Molybdenum high speed and toolsteels. 

These off the record discussions were 
vivacious and informal; SRO signs were hung 
up at several. For further notes by the Editor 
of Progress, see page 780. 

Alumni. A notable aspect of the congress 
and exposition week was the number of mid- 
week luncheons where alumni of U.S. technical 
colleges and universities gathered for gossip. 
Largest groups were from: 

Carnegie Institute of Technology 

Massachusetts Institute of Technology 

Lehigh University 

University of Michigan 

Case School of Applied Science 

Missouri School of Mines & Metallurgy 

University of Minnesota 


Yale University 

University of Pennsylvania 

Purdue University 

Pennsylvania State College 

Rensselaer Polytechnic Institute 

University of Wisconsin 

Honors. To succeed its President H\xppp 
the American Society for Metals installed jts 
president-elect, Dr. BrapLey SrouGuron, dean 
of engineering at Lehigh University, chief of 
the O.P.M. tool section’s heat treating equipment 
unit. Col. GLEN F. JeENKs was re-elected presi- 
dent of the American Welding Society. 

Immediately after the @ annual meeting 
ast-President C. Barn (assistant to the 
vice-president of U. S. Steel Corp.) introduced 
Dr. Roserr F. Ment of Carnegie Institute of 
Technology, who then delivered the highly 
prized Edward deMille Campbell Memorial 
Lecture (see p. 759 for a brief account). 

At the vast annual banquet of this American 
Society for Metals, outgoing President Hanner’s 
voice grew exhausted simply introducing th: 
long rank of industrial notables at the speakers 
table. Apert L. Marsu, the inventor of the 
nickel-chromium wire fundamental to all elec- 
trically heated devices, was awarded the seventh 
Sauveur Achievement Medal. (Perhaps some 
will remember that his biography, printed in 
Merat Progress in May 1935, instituted a notable 
series of articles on eminent men of metals.) 
James P. Vanadium-Alloys Steel Co.’s chie! 
metallurgist, shyly came to the rostrum to get 
his past-president’s medal. Just as shyly, G 
Trustee Marcus A. GrossMAnn, chief metallur- 
gist of Carnegie-Illinois’ Chicago District and a 
former Campbell Lecturer, came forward with 
his associates S. F. Urspan and Morris Asimow 
as Henry Marion Howe medalists. 

The @ banquet speaker, Foreign Corre- 
spondent Witu1amM L. Sutrer, disappointed th 
gathering by saying nothing about German 
industry and armament among which he spen! 
a great deal of time as a journalist. 

Before the Wire Association, Kenneru 
Lewis, consulting engineer of Worcester, ‘ass. 
delivered the Mordica Memorial Lecture of 
“The Shape of Things to Come”. C. W. Gasket! 
received the Wire Association Medal. 

American Welding Society’s medal for con- 
spicuous contributions to the art and scie! 
welding, given in memory of SAMUEL 
MILLER, was presented to Davin Arnott, le! 
surveyor of the American Bureau of Ship 'ts 
The Lincoln gold medal for the best pape 
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lishe. by the Society was given to H. 
jgor of the U. S. Steel Corp.’s Research Labo- 
rato The 1940 Lamme medalist is former 
Harv vd professor Comrort A. ADAMS, now con- 
sultii ¢ engineer for Edward G. Budd Mfg. Co. 
liseretion. Whereas the metallurgists, 
mining and metallurgical engineers, welders 
and wire men were quite candid man to man 
abou! their research and production, the fac- 
tories in and around Philadelphia discreetly 
kept visitors out, unless they had mighty patri- 
otic credentials. No National Defense secrets 
were voluntarily offered to unfriendly eyes and 
ears. It's just as well. Any plant visitations 
would have further congested the program! 
The Exposition was more serene, just as 
informative, and less spectacular than previous 
expositions. Rapid delivery of equipment to 
new defense projects kept many exhibitors from 
sending large machines to Philadelphia for a 
week. In consequence, they had to use their 
minds and their mouths, instead of their index 
fingers, to tell customers what they had to sell. 
Product was in evidence, rather than raw mate- 
rials or equipment. 
This is a convention of useful ideas, more 
than an exposition of the American metals 
industry. Thus, it was apparent that welding 
may soon displace the riveting of tanks; tank 
bodies may soon be cast in one piece. Arcos 
Corp. showed pieces of tank armor with welded 
seams after ballistic tests. Projectiles that dug 
their way three-quarters through the plate pene- 
trated but little further when they hit the seam 
squarely, neither did edge hits crack the joint. 
Welding equipment dotted the exposition’s 
acreage. Resistance Welder Manufacturers 
Association kept a voluntary staff of experts at 
its joint booth answering questions all week. 
llair-thin sections can be butt-welded with ease. 
At the other extreme, welding of 7-in. armor 
plate is in prospect. Of special interest was 
Harnischfeger Corp.'s idea of mounting one 
small welding generator on top of another and 
operating them in parallel for the sake of 
heavy-duty welding. Westinghouse showed for 
the first time a new welder with a pre-set cur- 
rent adjustment along with an are control. In 
its resistance welding controls, the vacuum 
tubes and other amazing parts suggest the 
stand-by services of an electronic engineer if 
itever gets out of whack. GeorGe (“Whitey”) 
Mavvarn, this time, left his smirky mannikin 
in on outhouse and, master welder that he is, 
talked mainly of his science and art. 


} 

} 


Republic Steel’s Cuester W. Ruru arranged 
the exposition’s most spectacular tie-up with 
national defense. Besides stock exhibits of 
armor plate, gun parts and shells, there were 
anti-aircraft guns full size; Allison, Lycoming, 
Pratt & Whitney, and Wright aviation engines; 
a bomb sight; a half-tractor for hauling com- 
bat troops; a jeep. Tall civilians who got into 
the jeep wondered whether it would crack their 
knee caps when they jounced around in it. 

Most eve-attractive of the exhibits — and 
that because of the colors inherent in their 
products — were those of the Aluminum Co. of 
America and of the brass fabricators — Ameri- 
can Brass, Bridgeport Brass, Chase Brass & 
Copper, Revere Copper & Brass. Picture booths 
in colors! 

The exposition was altogether too vast to 
remember as a whole or for all of its 335 dis- 
plays. As you strolled through the aisles, stop- 
ping here and there, you made notes in your 
program. And after you got back to your home 
plant you were glad that you had noted, among 
others of course: 

Army, Navy and Air Corps examples of 
their equipment. Ordnance officers were fine 
help to manufacturers with problems to solve. 
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American Gas Association's combined 
industrial gas exhibit; some furnaces and vari- 
ous types of burners in furious action. For a 
tidbit the association had a pleasant girl and a 
pleasant man making glass nicknacks. 

American Rolling Mill induced the horror 
of an air raid by setting up an 8<15-ft. corru- 
gated iron bomb shelter. Visitors entered the 
arched vault. 
room pitch dark and airless. Then a phono- 
graph roared the sounds of an air bombard- 


Closed doors made the small 


ment into the ears of the queazy visitors. 

Various departments of Baldwin Locomo- 
tive Works occupied a large consolidated 
exhibit. Alongside the Baldwin-Southwark's 
testing machines — well known to ASM’ers — 
was a vicious 30-ton tank with locked doors, but 
bristling with gun muzzles. Great Lakes Steel 
Corp.’s low alloy, high strength steel makes 
essential members of this brute. 

Bethlehem Steel’s complete spectroscopic 
laboratory attracted crowds of metallurgists. 

Climax Molybdenum, sitting happy with 
one of the favorite and plentiful substitutive 
metals, set up a black and white lounge with 
three vice-presidents as senior hosts. 

Copperweld Steel suggested how “Skill 
Counts” by means of two electrical “machine 
guns” which visitors could pom-pom at flying 
targets. 

Beautiful effects were achieved with abra- 


National Defense 


Notes by THe Epiror 


i SUCH a merry-go-round as described above 
by Mr. Wetss, one person can pay attention 
only to a small portion of the whole. Since the 
Editor had something to do with the organiza- 
tion of the group meetings, the following inade- 
quate report is made of two of them for which 
he acted as summarizer, pinch-hitting for 
absentees. 

These eleven meetings were organized on 
a plan unique to the @ National Convention. 
They considered the conservation of various 
types of metallic alloys, and developed infor- 
mation concerning possible substitutes for 
materials commonly used in civilian industry, 
but scarce because of large demands for 
national defense and “lend-lease”. In_ these 


sive materials in showings by both Car! jryp. 
dum Co. and Norton Co. 

General Electric built a small movie “: \ouse 
of Magic” in the shape of a huge electric fyr- 
nace. Outside this were X-ray apparatus, | idys- 
trial control devices, and a vacuum tube contro! 
for motors. 

Jones & Laughlin Steel foxed a lot of vis. 
itors with a model layout of its efficient cop- 
tinuous sheet mill. They kept hanging around 
to see the miniature devices move. But the 
exhibit was simply and instructively a three- 
dimensional flow sheet. 

Leeds & Northrup showed how their deli- 
cate, precise heat-control devices were making 
one pound of alloy steel do what three pounds 
did only a few years ago. 

U. S. Steel had a magician entertain every- 
one who needed to sit down after wandering 
around the tremendous exposition. Technical 
U. S. Steel-men also gave the inquiring guests 
steel and manufacturing information. 

Significance. Altogether this was a heart- 
ening National Metal Congress and Exposition. 
It demonstrated beyond all quibbling that 
American metallurgical industry is on the 
march for National Defense. Fun-makers were 
notably among those absent. The gravity of th 
present times was enhanced by the knowledge 
that even double our present efforts would be 
absorbed in tools to defend America. 


Group Meetings 


meetings a panel of experts briefly discussed 
assigned phases of the general topic; this 
required about an hour, whereupon the audi- 
ence was asked to comment, discuss or ask for 
further information. When this rapid inter- 
change of views between the platform and the 
floor had proceeded sufficiently (in most cases 
taking another hour) a “summarizer’ oF 
co-chairman briefly restated the important facts 
that had been brought out. (Most of the pre- 
pared remarks for the meeting on stainless an¢ 
heat resisting alloys were printed in the Octobe! 
issue, starting on page 675.) 

General consensus was that these mectings 
were striking successes. Attendance ranged 
from 200 to 500, in at least two cases cing 
limited by the standing room and the number 
who could crowd outside the door. Douw)tless 
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as due to the importance and timeliness 
of |» topies; nevertheless it is amply proved 
that o them an interplay between speaker and 
aud. ace Was recaptured — that essential ingre- 
dien that has all but disappeared in the con- 
mal technical program wherein a specialist 
disc. sses his specialty with such completeness 
and inality that the audience is sapped of any 


resistance. 
Hich STRENGTH. Low ALLOY STEEL 


Colonel Gren F. Jenks of the Ordnance 
Department, U. S. Army (and known to many 
ASMembers when he was commanding oflicer 
of Watertown Arsenal), was chairman of the 
conference on weldable grades of special steels 
for rolling stock, portable machinery, bridges 
and structures, ships, piping and pressure ves- 
sels. He was well fitted for the task, as the 
development of the light weight gun-mount for 
ultra-mobile artillery was sponsored by him. 
Other authorities were JoHN JoHNSTON, head of 
U.S. Steel Corp.s Research Laboratory, and 
Leon Binper, the Corporation’s welding expert; 
A.B. (Gus) Kinzer, chief metallurgist of Union 
Carbide and Carbon Research Laboratories; 
two men from Bethlehem Steel Co.'s. staff 
JoNATHAN Jones, chief engineer of the bridge 
and structural department, and 
materials engineer of the shipbuilding division; 
J. J. KANTER, materials research engineer for 
Crane Co.; F. B. Fotry, treasurer-elect @ and 
superintendent of The Midvale Co.'s research 
department; Merrit, Scuem, metallurgist of 


A. O. Smith Corp.; and B. D. SakLarwata, for- 
merly vice-president, Vanadium Corp., and now 
consultant for Alloys Development Corp. 

Since consideration was to be devoted to 
weldable steel, the general problem of weldabil- 
itv was given some consideration, even though 
it was handicapped by the circumstance that no 
workable definition of “weldability”™ has vet 
received approval or specific tests instituted. 
Much depends on such factors as the thickness 
of the material being welded, the welding 
method (amount of heat applied and its local- 
ization), and the design (ability to preheat, 
stress relieve, or heat treat). With these con- 
siderations in view, quite a latitude in chemical 
analyses is permissible. Some alloying elements 
endanger weldability greatly; others are rela- 
tively innocuous, and a rough approximation 
of their influence in order from those least 
desirable in weldable steel is: 

C, P, S, Mo, V, Si, Cr, Mn, Cu, Ni. 
(It will be recognized that this list would 
roughly parallel one showing the relative influ- 
ence of alloying elements on the hardenability 
of steel. Indeed, one view is that hardenability 
is the opposite of weldability.) 

Unfortunately those elements near the 
beginning of the list (the least desirable 
strengtheners of steels intended for welding) 
are the ones which are most plentiful. The 
most desirable elements are the scarcest; nickel 
is a constituent of many of the commercial steels 
under discussion, vet it was the first metal to 
be placed under restrictions and only about 
1,000,000 Ib. per month is now available for all 


Medium Tank Made at Baldwin Locomotive Shops, and Exhibited in Great Lakes Steel 


Corp. Booth —— One of Many Items Loaned by U.S. Army's Philadelphia Ordnance District 
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non-defense purposes; current news from 
Washington is that no vanadium will be avail- 
able in 1942 other than for toolsteels and steels 
for Army, Navy and aircraft; chromium is a 
highly strategic metal imported over long sez 
lanes. While the 0.30% copper (more or less) 
added to these steels for corrosion resistance 
and strength is probably replaceable or not 
absolutely necessary, and while manganese 
must be conserved (see the notes below about 
manganese in shell steel), it is possible that 
enough copper and manganese can be wangled 
out of the really large uses to make our modest 
requirements of high strength steels. 

It was pointed out, for instance, that prob- 
ably 250,000 tons of low alloy, high strength 
steels went into non-defense construction in 
1940, and this might be a measure of anticipated 
civilian consumption in 1941. Assuming that 
it contained 0.50% Cr on the average, the 
requirements (2,500,000 lb. of chromium) would 
use up 1° of the 250,100,000 Ib. of chromium 
metal scheduled to be produced in 19141.* 

In this conference, as in others, it was 
pointed out that (what with certain reserve 
stocks and growing production in the Amer- 
icas) an extreme shortage in the critical metals, 
even when consumed at the present record 
rates, can come only from a shipping shortage. 
Even so the pressure of allocations will 
undoubtedly force metallurgists to consider 
steels using the materials we have in abundance, 
namely silicon, phosphorus, molybdenum, tita- 
nium, copper (and, hopefully, manganese). 

It was stated emphatically that a balanced 


save enough tonnage when substituted for »ijq 
carbon steels to warrant its production. | ¢ jp 
another way, if by spending a little chroi jum 
and manganese we can save a lot of stee| -op- 
taining somewhat less manganese, the net y ould 
be a profit in time and labor. 

The way this works out in the esseitia] 
railroad industry is as follows: A few months 
ago an official estimate was circulated that some 
270,000 new freight cars would be necessary to 
handle the expected traffic peak. On car designs 
widely used and amply proved, a saving of four 
tons per car has been made by intelligent rede- 
sign with high strength wrought steel, and 
another ton may reasonably be saved by using 
alloy steel castings in trucks and draft rigging 
and by welding the body. Applied to all these 
cars we could apparently save at least one mil- 
lion tons of wrought steel, or the 1,400,000 tons 
of ingots from which it came —certainly a 
sizable saving in the raw materials (ore and 
coal) and in their mining and transportation. 

If we are less grandiose in our expectations 
we might figure on no more than the 80,000 new 
freight cars per year that are necessary to main- 
tain the present number in service. If their 
bodies were made of mild steel they would 
weigh 28,000 lb. each; if of high elastic steel 
20,000 Ib. The 80,000 cars would require 
approximately 1,550,000 tons of mild steel 
ingots, or but 1,100,000 tons if made of high 
tensile steel. To save this 450,000 tons of steel 
would require the following strategic alloys: 


DEDUCT IN 
SCRAP OR © OF 


combination of Cu, Si, Mo and P can make ALLOYING AVERAGE COMMON NET Pounps 1942 


a weldable steel of excellent physical prop- ELEMENT CONTENT STEEL UsE REQUIRED Supply ; 

erties. GrorGe Comstock in an @ technical Manganese = 0.85% = 0.50% 0.35% 7,700,000 0.9 
A Copper 0.30 0.15 0.15 3,300,000 0.1 

meeting also described the high properties Chromium 0.50 oor 0.50 11,000,000 4.4 


of steels alloyed with the combination cop- 

per, titanium and phosphorus. Whether the 
relatively small tonnage for true civilian con- 
sumption will warrant the rapid development 
of such steels commercially, is another point. 
Probably it will be decided on the basis that a 
strong steel made with non-critical alloys will 


*Another way of looking at it is not so favorable. 
Practically all of the chromium goes into stainless 
and heat resisting steels, toolsteels, S.A.E. steels and 
cast iron. Metrat ProGress last month (page 677) said 
that in 1940 only 3000 gross tons of low carbon 70% 
ferrochromium will be used in low carbon, low alloy 
steels and carburizing grades. Presumably as much 
might be allocated in 1941. This contains about 
4,700,000 Ib. of chromium, and the estimated need for 
weldable strong structural steels is over 50¢¢ of this. 


The 450,000 tons of steel ingots so saved amounts 
to about 0.5% of the expected 1942 capacity. 
and while we break even on the manganese, on 
the basis of the last column it would appear 
questionable whether we could afford to spend 
so much of our emergency chromium. 
Another thing: Whether or not the entire 
saving could be realized would depend on the 
steel mills’ ability to produce high tensile sicels 
at the same rate as the plain carbon steels. | hie 
ingots require hot tops and longer time in ‘ie 
soaking pits (the soaking pit would undoubted!) 
be a bottleneck at the present moment) anc “re 
somewhat harder to roll. These factors ‘re 
practically expressed in the mill cost, plus he 
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being built. 
span 
would the stronger steels be considered as 


eers’ 


wry extras for the high tensile steels, total- 
pout 45% more than mild carbon steel. 
if no extra expense is incurred in fabrica- 
ye can see that the light freight-car body 
oned above would cost a little more to 
than the heavier one. Economy (in case 


; interested in such a prosaic thing) would 


about in subsequent savings in hauling 


lead weight around the country. This little 
rv of $ and ¢ also explains the structural 


conclusion that carbon structural 
is adequate for static structures except in 
long bridges and in the lower stories of 
tier buildings — none of which are now 
Only for traveling cranes of long 
and structures on deficient foundations 


economically desirable. 


In shipbuilding — again an industry where 


it costs money to move the structure about — 
the urge to save weight is especially keen in 
warships such as destroyers. Here the weldable 
grade of manganese-vanadium steel has been 


widely used. 


A body of experience has been 


built up with it, and some serious difficulties 
would undoubtedly follow any rapid substitu- 


tion. 


Notable economies have recently been 


effected by scrutinizing all the designs and using 


this strong steel only where necessary. 


Carbon- 


molybdenum steel is the favorite for high pres- 
sure steam equipment in the Navy as well as in 
power plants ashore, and fortunately no short- 
age is anticipated here. 


In the field of heavy forgings both the rela- 


tive and absolute amount of necessary alloying 


elements is small. 


While their inherent effect 


on the metal is also small, yet it is indispensable, 
the forgings not being heat treatable because of 
their very size. Present steel making and forge 
shop practices are the result of long experience, 
much of it acquired by trial and error before 
the days of scientific metallurgy, and substitu- 


lions would involve great risks. 


Fortunately 


there seems to be no danger that the small 
amount of alloys for these essential uses in 
heavy parts carrying high priority ratings will 
be restricted, 


grade 
tions, 
being 
carriages, anti-aircraft and anti-tank gun 


mounts. 


Use of high elastic limit steels of weldable 


is best exemplified in the military applica- 
and industry can well imitate what is 
done in the 1941 designs of field artillery 


Mobility is the prime essential of all 


‘qu pment used by the field armies; a second 


essential is to increase the fire power. 


One can 


either save weight and increase mobility, or 
one can increase fire power using the same 
weight. An example of the first is the 3-in. 
anti-aircraft gun which used to weigh 19,000 
lb.; now it is 16,100 Ib. An example of the 
second is the 90-mm. anti-aircraft gun which is 
only 500 Ib. heavier than the old 3-in. gun 
(76.2 mm.), yet throws a 70% heavier projectile 
to a 25% higher ceiling. Weight saving is like- 
wise essential to the tank; its total weight is 
limited yet it should constantly have thicker 
and better armor. Low alloy steel with 105,000 
psi. tensile strength is favored for bomb shells, 
as the stronger container increases somewhat 
the shattering power of the explosion. 


MANUFACTURE OF SHELL 


ONE OF THE standing-room-only meetings 
considered the manufacture of shell. It was 
chairmanned by Prof. Arruur F. Macconocutr, 
head of the department of mechanical engi- 
neering at the University of Virginia, and 
author of an extensive series of articles now 
appearing in Steel. Experts were F. G. Scuranz, 
general manager of Baldwin-Southwark, mak- 
ers of forging presses; Col. H. H. Zornic, now 
assigned to the office of the Chief of Ordnance, 
U.S. Army; Ben C. Brosueer, associate editor of 
American Machinist, and ALAN Morris, research 
engineer of Bridgeport Brass Co., important 
manufacturer of cartridge cases. 

Problems of shell manufacture are 
plex because the use of the product is so vari- 
ous. The missile must withstand the very high 
stresses at the moment of firing, and then do 
what it is supposed to do when it meets the 
enemy. The effects on the latter are three: 
First is the damage done by flying frag- 
ments —a very important matter even though 
shrapnel is passé. Next is the demolition of 
defenses or equipment, either near the open 
explosion or after the shell has penetrated pro- 
tective armor. (Armor piercing shell is a highly 
specialized product, and is without the scope of 
this summary.) Finally comes the effect on the 
morale of troops near the target, and experi- 
ence in the last war proved amply that the thin- 
walled French high explosive shell was far 
more terrifying than the thicker-walled missile 
used by the Germans. 

The above considerations indicate that the 
metal in the shell must not fragment too much 
(thus cast iron is ruled out) yet be uniform 
enough in wall dimension and metallic prop- 


com- 
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erties so that it does not split on a plane of 
weakness but breaks into a number of fairly 
small pieces. It seems that the demolition and 
morale effects are little affected by the change 
in shell steel properties due to heat treatment; 
they are dependent upon the brisance of the 
bursting charge — that quality of a high explo- 


due to the cold nosing operation may c¢  ysp 
trouble; and the machinability is but m. der. 
ately good. 

Owing to the relative scarcity of mang: jesp 
and the tremendous quantities of shell «| ee| 
required, the Ordnance Department is recep. 
tive to methods of manufacture that save this 


ALI NY MANVEACTUAING CO 


PRL Lea? 


sive different from its strength or the degree of 
confinement, but related closely to the rapidity 
of its detonation. 

At the present moment, the American Army 
uses shell which are designed from steel to have 
the following principal properties in the finished 
condition: 

Yield strength 
Elongation in 2 in. 
Reduction of area 


65,000 psi. minimum 
15° minimum 
30° minimum 

In order to avoid manufacturing operations 
it is, of course, desirable to use steel that will 
produce these properties in the forged blank, 
not heat treated. Field artillery ammunition 
can be made in this way of X-1540 steels con- 
taining 0.35 to 0.45% carbon, 1.35 to 1.65° man- 
ganese, 0.045°° phosphorus, and 0.075 to 0.15% 
sulphur (high sulphur to improve machina- 
bility). The high side of the specification is 
needed for 155-mm. shell in order to get the 
required properties in its thicker sections with- 
out heat treatment. 

Avoiding heat treatment saves some time, 
labor and money, but has certain definite dis- 
advantages: The thick shell base is rather too 
soft after slow air cooling; the internal stresses 


strategic metal. The required physical proper- 
ties can be had in air-cooled forgings, but not 
so uniformly, in steels containing 0.45 to 0.55' 

carbon and 1.00 to 1.30 manganese. This for 
medium caliber projectiles; for 155-mm. the 
manganese must still be from 1.30 to 1.60'.. A 
more drastic change is in the reduction of man- 
ganese to 1.00% and the heat treatment (oi! 
quench and draw) of the rough machined and 
nosed forgings. Modern equipment for this, as 
developed at Frankford Arsenal, is described 
in Col. E. C. Bomar’s article in October Mrral 
Progress, page 509. (Questions made it evident 
that considerable confusion existed in man) 
minds concerning the role of conirolled atmos- 
pheres. It was emphasized that this did nol 
affect the hardening and tempering reactions 
in the least. Its true function of preventing sur- 
face oxidation and damage is no new idea; the 
old-timer used the lead pot for the same | iud- 
able purpose.) 

It is quite probable that the desirability o! 
conserving one third of the manganese ©: \ct 
wise required will force the use of the | 
Mn steel, even at the large expense of hund eds 
of heat treatment furnaces. (Cont. on page 
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THE 1941 CONFERENCE 


ON POWDER METALLURGY 


By JOHN WULFF 


\ssociate Professor of Physical Metallurgy, Massachusetts Institute of Technology 


AST YEAR'S conference on metallic powders 

4and their uses (reviewed in November's 
Merat Progress, page 665) was long on papers 
and necessarily short on discussion. This vear’s 
papers were purposely held short to permit 
extended discussion. For the 200 or so who 
attended the conference held at the Massachu- 
setts Institute of Technology at Cambridge late 
in September the discussion seldom faltered. 
This may be attributed in large measure to the 
able chairmen of the various sessions as well as 
the effort of each speaker to present definitely 
new data or at least a new approach to older 
experimental facts. 

The first day’s program was primarily con- 
cerned with iron powder metallurgy. In the 
opening paper A. H. ALLex, Detroit editor of 
Sieel, after discussing various present-day 
processes for the manufacture of iron powder, 
presented the method devised by Tormyn of 
Chevrolet for hammer-milling steel turnings, 
cold pressing them, then heat treating the com- 
pacts at 1875° F. and immediately hot coining 
in water-cooled dies. The material is thereafter 
quenched, annealed, and finally coined cold to 
produce such parts as a lock-sleeve ring for a 
‘in. ball bearing. The new product has been 
found stronger, more wear resistant and cheaper 
to produce than the conventional cast iron part. 
Discussion after this paper, led by Miss Frances 
‘iank of Wesiern Union Telegraph Co., was 
primarily concerned with the differences in the 
quality of iron powder produced in different 
Wevs. The consensus was borne out later in the 
meeting, namely, that some powders which 


exhibit excellent cold pressing characteristics 
do not necessarily have superior sintering or hot 
pressing characteristics. Of course, everyone 
would like a high quality powder for 2 to 3¢ per 
Ib. vet an iron powder of consistently proper 
pressing and sintering characteristics is not 
obtainable at the present time below 8&8 to 10¢, 
if indeed that low. 

In the next paper, the present reporter 
described a new method for making single crys- 
tal powder particles from 18-8 scrap by inter- 
granular corrosion, The powder thus made has 
an apparent density of 3.6 to 3.9, a density of 
7.2 after pressing at 33 tons per sq.in., and a 
density of 7.7 after 4-hr. sintering at 2300° F. in 
purified hydrogen. Hot coining in air after such 
sintering, then a short anneal at 1850° F. and a 
rapid cool, gives a product whose tensile 
strength, percentage elongation, and density are 
equivalent to those of cast material. Various 
applications in the cold-pressed and_ sintered 
state or when subsequently forged were men- 
tioned. It was pointed out by commentators 
that cold-pressed and sintered articles of this 
powder would exhibit pit corrosion due to their 
porosity. This was admitted, vet the same total 
corrosion would be concentrated in but a few 
pits in denser material similarly exposed. 

A paper by R. P. Seetig of Powder Metal- 
lurgy, Inc., on the molding of dense metal parts 
to compete in price with similar parts produced 
by machining proved to many the great value 
of proper die design. He described the diflicul- 
ties in achieving structures of proper strength 
at sharp discontinuities in cross-section. Proper 
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18-8 Stainless Steel Powder Particles at 
400 Diameters Made by Intergranular Cor- 
rosion of Heat Treated Scrap(John Wulff) 


die design and pressing technique did not 
always suflice — indeed in one case the problem 
was solved by using a differently produced 
power of the same metal. A. J. LANGHAMMER of 
Chrysler’s Amplex Division increased the value 
of the discussion by supplementing Serevic’s 
paper with data on much larger but somewhat 
simpler compacts. 

Powder metallurgists at the meeting who 
will have no applications for the complicated 
pieces attempted by SeeiiG, and who do not care 
to develop hot coining methods to improve duc- 
tility of even simple shapes, hoped that more 
designers would think and act as A. V. pEForEstT 
of Massachusetts Institute of Technology, who 
maintained that if simpler contours were 
employed in the design of machine parts, duc- 
tility specifications could be safely reduced. 

To achieve maximum density and strength, 


SEELIG resorted to cold pressing, sinte. 
re-pressing and subsequent heat treat 
That such strength could be achieved in si. pJ¢ 
shapes by hot pressing was illustrated by «— G. 
GorrzeL of American Electro Metal Co. re- 
pressed compacts of various iron powders \ er 
subsequently hot pressed between 900 and 1500) 
F. in heated dies made of high speed tools( cel. 
and above 1500° F. in graphite dies. The former 
method gave complete densification of the pow- 
der when a pressure of 10 tons per sq.in. was 
maintained for 10 min. The use of emulsified 


graphite “aquadag” as a lubricant improved die 
life. In hot pressing, GorrzeL pointed out, pure 
and finely divided iron powders give better 
compacts than coarse and less pure powders, 
although the latter cold pressed better than the 
former. Although the low rate of production of 
hot-pressed parts, as well as high costs of die 
construction and maintenance, may prohibit 
practical application of these methods to iron 
powders, there was in the papers much informa- 
tion of basic value. 

In the general discussion of methods to 
impart high physical properties of compacts, 
R. P. Koenrinc of Moraine Products Division, 
General Motors Corp., described the hot forging 
or hot coining of cold-pressed iron and iron- 
carbon compacts immediately after sintering. 
In this practice the compacts were heated at 
2000° F. for 1 hr. before forging. The mechan- 
ical properties obtained from laboratory scale 
experiments on five different powders are given 
in the adjoining table. The hardnesses are 
somewhat below those mentioned by others who 
achieved after heat treatment a hardness of 
Rockwell C-58 to 63 and tensile strengths equiv- 
alent to S.A.E. steels of similar composition. 
Many laboratories are at present accumulating 
data similar to those presented by Kornnine 
and ere long we should expect wider industrial 


Pieces Tested After Cold Pressing of Powdered Iron, Sintering, and Forging (Koehring) 


Raw iscecien TENSILE YIELD ELONGA- REDUCTION ROCKWEL! 
MATERIAL ‘alia STRENGTH PoINT TION oF AREA HARDNES 
| 7.79 54,500 psi. 38,100 psi. 11° in 2in. 13% B-59 to 7 
2 7.82 55,200 37,800 14 13 B-61 to 6> 
3 7.78 73,300 51,200 23 32 B-64 to 7 
4 7.39 39,900 33,000 3 3 B-67 tos 
5 7.39 44,700 36,900 4 5 B-66 to 7 , 


Raw Material No. 
Decarburized steel powder 


Steel turnings, hammer-milled and annealed 


Iron powder made from reduced mill scale 


2. 

3. Decarburized steel powder mixed with 0.6% graphite powder 


Iron powder as in 4 but mixed with 0.6% graphite powder 
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ation of hot coining of powder products 
te nieve better physical properties than is 
le by cold pressing and sintering alone. 


| V. Lenet of Moraine Products, whose 
n rable paper last year was on oil-pump 
a made from iron-carbon powder mixes, 
ac presented a most original contribution. 


By heat treating previously sintered porous 
-carbon parts at 1075° F. in steam, the 
int rnal and external surfaces of the porous 
pact are coated with a thin impervious 
laver of magvetic iron oxide. Although the 
tensile strength of the material is below that of 
un-steamed material, the vield point in com- 


solid bodies become bonded by atomic forces”. 
No suppositions concerning temperature, pres- 
sure, phase changes, and the like seemed neces- 
sary to him, nor are included in the definition. 
To idealize his statements we may visualize 
sintering of two surfaces as complete when the 
original boundary becomes not a grain boundary 
but just another crystal plane. Fundamentally 
neither pressure nor temperature is required for 
sintering — only contact. Of course, WrersLap 
pointed out that pressure, heat, or both are 
required in practice to get contact and rapid 
atomic action, but such phenomena as recrys- 
tallization, grain growth, and bulk diffusion are 

concomitants of rather than 


prime requisites for sintering. 


Four Interesting Parts Cold Pressed, Sintered, Re-Pressed Cold 


He also believes that shrinkage 
may be viewed either as a sur- 
face diffusion process or as a 
plastic deformation process, 
the driving force in either case 
arising from surface energy 
differences of powder particles 
in contact. In the discussion 
of this paper it was brought 
out that unless heat treatment 
temperatures close to the melt- 
ing point of the pressed com- 
pact are employed, porosity 
cannot generally be avoided. 
Indeed, for any particular pow- 
der and heat treatment there 
should be an “equilibrium pore 
shape”. 

Prof. H. Em™Mert of 
Johns Hopkins University next 


and Resintered by R. Seelig of Powder Metallurgy, Inc., to gave an excellent paper on 


Achieve Maximum Physical Properties and Exact Sizing 


“Adsorption Isotherms of 


Micron-Size Powders”. The 


pression and the superior corrosion and erosion 
resistance of the new product have warranted 
humerous applications. 

E. Scoumacuenr of the Bell Telephone 
Laboratories, who was chairman of this session, 
inaintained a fine balance between the scientific 
facts and the more practical aspects, so that all 
present benefited. 

The three papers given the next morning 
were concerned with basic phenomena. P. E. 
Wherstap of the Fagersta Steel Works in 
Sweden, now in this country on a Scandinavian- 
American fellowship, considered the problem 
ol sintering in general. He offered a precise 
de nition of sintering as “the process in which 


method involves nitrogen, 
argon and such gases, and is readily applicable 
to particles less than 20 microns in size. A sim- 
ple vacuum glass apparatus is used; after 
evacuation helium is first introduced and the 
adsorption isotherms subsequently are meas- 
With nickel, 


nickel oxide, iron, and copper catalysts, results 


ured for the gases under study. 


were secured which are in remarkably close 
agreement with the surface area of fine solid 
particles calculated from shadow pictures taken 
with an electron microscope. In the case of 
porous particles, available surface is measured 
by these methods of Dr. EMMerrt. 

The last paper of that morning session was 
given by F. N. Runes of Carnegie Institute of 
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Technology. From electric conductivity meas- 
urements on copper-nickel compacts, heat 
treated in hydrogen, he formulated a theory of 


homogenization which on second reading prom- 


of this paper brought out the higher ra 
carbon diffusion and more rapid cemen| 
when using extreme fines. 

“Physical and Chemical Properti: 
Carbides After Final Sintering” was then «op. 


ises to be of use to those who work with alloy 
powder combinations. 

All three papers were vigorously discussed 
and your reporter (who happened also to be the 
chairman of that session) so enjoved the argu- 


manuscripts for further information. 
In the afternoon session, chairmanned by 


sidered in a paper by FE. W. 


carbides, and included a discussion not only of 
ments that he must refer you to the original tool 
tubing, spiral drills, springs, and the like. Ip 
printed form it should be the most authoritative 


ENGLE of the 


Carboloy Co., which proved to be a most com- 


plete survey of the properties of cemented 


material but also of cemented carbide 


Frep P. Perers of Metals and Alloys, H. Hausner 
and P. W. BLackBuRN presented the first paper. It 
was on compound metals for the manufacture of 
electrical contactors. After various requirements and 
modes of testing had been delineated, photomicro- 
graphs were shown of molybdenum-silver, tungsten- 
copper, tungsten-silver, and tungsten-copper-nickel 
compacts made of constituent powders, including 
changes in structures obtained after heat treatment, 
forging, and subsequent heat treatment. In the dis- 
cussion led by the chairman, F. R. Henze of the P. R. 
Mallory & Co. and Miss Frances Ciark of the Western 
Union Laboratories took an active part. Some dis- 
agreement appeared on the meaning of such terms as 
“sticking”, “welding”, “burning”, “critical current”. 

M. F. Rogers of the Callite Tungsten Corp. con- 
tinued his last vear’s paper on particle size measure- 
ments. This vear he showed the advantage of selecting 


extremely fine particles in the manufacture of 
cemented carbide tools. The paper was well illus- 
trated with photomicrographs as well as electron 


microscope pictures at 1400 diameters magnification. 


Maximum strength of cemented carbides was obtained 
with the finest particle size powders. The discussion 
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Some Corroston and Erosion Resistant 
Porous Parts Made by F. V. Lenel of Morain 
Products. Tron and iron-carbon powders are 


compressed, sintered and then heat treated 
in steam at 1075° F. Micro at 250 diameters 
shows gray network of magnetic iron 
oxtde coating the intercommunicating pores 


compendium of data published to date. 
The last paper at the meeting, given 
by J. Kurtz of the Callite Tungsten Corp.. 
brought up a problem with which man) 
industries are now confronted — wh 
substitute for nickel. In place of m 
alloys, Kurtz described substitutive 
molybdenum compositions. The at 
compared the qualities of 5, 10, 15 
molybdenum, copper, bal! 
electrolytic iron made from powder, 
the qualities of alloys (Cont. on p. 
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‘The best material need not be 
the most expensive. Investigate 
Shromium-Molybdenum Steels. 


One machine tool manufacturer — looking for “the best” in spindle steels — has standard- 
ized on Chromium-Molybdenum “4145”. 

This low cost alloy steel meets the stringent demands of wear resistance and toughness 
put upon the spindle to produce long-lived accuracy in lathe-produced parts. 

Write for our free technical book, “Molybdenum in Steel”. 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 
MOLYBDIC OXIDE—BRIQUETTED OR CANNED + FERROMOLYBDENUM + CALCIUM MOLYBDATE 
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PERSONALS 


Marcus A. Grossmann 6, 
director of Carnegie- 
Illinois Steel Corp.; Morris Asi- 
mow ©, manager, Central Metal 
Products Co.; and Stephen F. 
Urban metallurgist, South 
Works, Carnegie-Ilinois Steel 
awarded the 


research, 


Corp., have been 
Henry Marion Howe Medal of the 


© for the paper of highest merit 
published by the Society during 
the preceding year. 


A. H. d’Arcambal, a past presi- 
dent @ and consulting metal- 
lurgist, Small Tool and Gage 
Division, Pratt & Whitney Divi- 
sion of Niles-Bement-Pond Co., 
has been elected a vice-president. 

Dallas Becker @ is now 
assayer-chemist for West Coast 
Mines, Ine., Winnemucca, Nev. 


S PATENT OFFICE 


Unigue Alley Steel 


Cu, Oil 


Fay automatic lathe. 


@ When that TOUGH job comes along in YOUR plant 
—on ANY defense part—put Stuart’s Thred-Kut and 
STUART OJL Engineering Application Service to work. 
Quit wishful thinking and GET the desired improvement 


quickly! 


D. A. STUART 


Chicago, U.S.A. 


\\\ 


Tue forty-six cooling fins 
on the cylinder barrel of a Wright Cyclone air- 
craft engine are cut in a single operation on a 


B For All Cutting Fluid Problems 
OlL co. 


LIMITE 
Worehouses in All Principal Metal Working Centers 


] The finished cyl- 
* inder barrel of a 
Wright Cyclone. 


2 The cylinder bar- 

* rel cut in two 
showing the depth 
and thickness of the 
cooling fins. 


Using Stuart's THRED- 
KUT +99, these fins are cut cleanly to a depth 
of 58 in. and are only 0.022 in. thick. Seventeen 
pounds of metal are removed from this tough 
Nitralloy steel forging in twenty minutes. 


SEND for the New 48 
page Booklet ‘Stuart 
Oils —The Straight 
line to Metal Work- 
ing Efficiency.” 


Est. 1865 
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Albert L. Marsh @, pres ent 
and general manager, Hos jngs 
Mtg. Co., Detroit, and inven! + of 
the nickel-chromium resis rs, 
has been awarded the Sav eur 
Achievement Award of the & for 
outstanding contributions to the 
field of metallurgy. 


Stephen D. Garst ©, formerly 
in the Bureau of Ordnance, Navy 
Department, is now assistant 
technical editor for the American 
Foundrymen’s Association, Chi- 
cago. 


Henry F. J. Wilmot @ has 
been promoted by Carnegie-Illi- 
nois Steel Corp. from contact rep- 
resentative, Stainless Bureau, 
Metallurgical Division, Chicago 
District, to assistant to the chief 
inspector, Gary Works. 


Martin F. Richter ©, formerly 
with the Perfection Tool and 
Metal Heat Treating Co. of Chi- 
cago, is now in charge of sales 
and consulting, for California 
Steel Treating, Ine., of Los 
Angeles. 


W. C. Heaslip ©, formerly 
with the United Steel Corp, 
Canada, has accepted a_ position 
as chief metallurgist with the 
associated American company, 
Edge Moor Iron Works at Edge 
Moor, Del. 


Promotions by LaSalle Steel 
Co., Chicago: Maurice N. Landis 
©. from chief metallurgist to 
manager of metallurgical and 
research division; A. Frank 
Golick @, from special sales rep- 
resentative to assistant general 
manager of sales; H. N. Landis 
@ to assistant manager of metal- 
lurgical engineermeg. 


C. A. Heil, district sales man- 
ager for the Carpenter Stee! Co. 
Cleveland, has announced his 
retirement, and will be succeeded 
by James S. Bailey, Jr. @ of the 
Cleveland sales staff. 


H. F. Robertson @ has ce? 
appointed district manager | 
New England office and re- 
rt- 


the 


house of Jessop Steel Co. in 
ford, Conn. 
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No matter what the unit of time— 
minute, hour, or day—the true measure 
of a cutting tool’s effectiveness can be 
judged by the net amount of metal it 
removes in a given period. 

CIRCLE “C” Cutting Tools are con- 
stantly demonstrating their capacity to 
work at 25% faster machine speeds, 
with greatly increased cuts and feeds 
and far fewer shutdowns for re-grinds 
on the hard and heat-treated alloys 


FIRTH-STERLING 


SPEED STEEL 


used in production of shells, aeroplane 
engines and other armament. Thus, 
this high cobalt-tungsten Super High 
Speed Steel, distinguished in a peace- 


time economy for its prodigious chip 
removing ability, now occupies a 
unique place among steels in Defense 
industries. Although a tungsten steel 
it actually conserves tungsten through 
greater production as compared with 


other tungsten high speed steels. 


McKEESPORT, PA. 


(BRANCH WAREHOUSES: 


NEW YORK CHICAGO 
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PERSONALS 


Transferred by The Linde Air 
Products Co.: H. T. Herbst 6, 
development engineer, from the 
development laboratory at New- 
ark, N. J., to the district sales 
office in Los Angeles. 

S. B. Knutson @ is now plant 
metallurgist for McQuay-Norris 
Mfg. Co., St. Louis Ordnance 


Management Division, St. Louis 
Ordnance Plant. 


R. J. Hafsten @ has left the 
metallurgical laboratory of Car- 
negie-!llinois Steel Corp., and is 
now employed as metallurgist for 
Firestone Steel Products Co. 

Norman P. Goss @, formerly 
with Cold Metal Process Co., has 
been appointed a research engi- 
neer for American Steel & Wire 
Co., Cleveland. 


““WHAT A CHANGE ONE 
GENERATION MAKES!” 


Just one generation ago the Manage- 
ment of a Pennsylvania company manu- 
facturing steel oxygen cylinders was 
very proud of the above semi-automatic 
blast cleaning installation. It cleaned 
their entire production of various sized 
work in a new record time for the 
industry. 

Today—-National Defense has again 
demanded greatly increased production 
of oxygen cylinders. 

The Army. Navy and Air Force, re- 
quire great supplies of oxygen. Aill 
planes that fly at high altitudes provide 
oxygen through breathing masks to 
crew members in order to sustain life 


— 


WORLD'S LARGEST MANUFACTURER OF BLAST CLEANING & DUST CONTROL EQUIPMENT 


in the stratosphere. 

So the call was issued for three 
times the former production of cylinders. 

But blast cleaning was the bottleneck 
to the increased schedule. Again Man- 
agement came to Pangborn with their 
problem—and in “jig-time” our engineers 
had designed, and our shops have built. 
the sturdy ROTOBLAST installation pic- 
tured above. This equipment handles 
three times the production of the old 
installation — cheaper — better and 
automatically! 

If you have a blast cleaning problem— 
come to Pangborn today. No obligation. 
of course. 


PANGBORN CORPORATION - - - HAGERSTOWN, MD. 
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Philip C. Rosenthal © 
merly on the faculty o 
department of metallurgy, 
versity of Wisconsin, has j 
the research staff of Bat 
Memorial Institute, Colun 
Ohio. 


Albert P. Miessler @, formerly 
assistant to J. E. Robinson, super- 
intendent of metallurgy, Chicago 
office of International Harvester 
Co., has been transferred to the 
Richmond, Ind., Works, where he 
becomes plant manager. 


Thomas C. Ford @, metallur- 
gical engineer with Electro Metal- 
lurgical Co., has been given a 
leave of absence to become asso- 
ciated with the Office of Produe- 
tion Management. 


Robert H. Aborn @, Research 
Laboratory, United States Steel 
Corp., has been awarded the Lin- 
coln Gold Medal of the American 
Welding Society for the paper 
which contributes most to the 
year’s development of welding. 


Stanley Reider ©, Rensselaer 
Polytechnic Institute, “41, is 
employed by the Crucible Stee! 
Co. of America, Harrison, N. J., 
as engineer in the metallurgical 
mill control of high speed steel. 


Donald E. Stingel ©, Carnegie 
Institute of Technology, ‘41, 
is employed as a student in the 
Alloy (West Virginia) plant of 
the Electro Metallurgical Co. 


Oscar Nerenberg © has been 
employed by A. O. Smith Corp. 
Milwaukee, as research engineer 
with the welding research labora- 
tories. 


John K. Hambright ©. (or- 
merly sales and service engineer 
for Brown Instrument Co. at 
Providence, R. L., is now research 
engineer at the new Plastics Divi- 
sion of Briggs Mfg. Co., Detroit. 


Gordon H. Gillis @, formerly 
at the Duquesne Works of Car 
negie-Illinois Steel Corp., is now @ 
metallographer with the Me‘ 
Norris Mfg. Co., Ordnance 
sion, St. Louis, Mo. 
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MA New Pol ishing SPECIMEN 
0: 7 POLISHER 


This sturdy table mi- 7 2 
) surfaces can readily 


lhe highly desirable results obtained be achieved with the 
good fat held at mag- by the use of lead laps in polishing are well balanced AB pol- 
nifications of 50x to extreme flatness of samples, retention : “s : : 

500x. Coarse and fine of inclusions and a minimum of dis- 


terchangeable dises 


adjustments are con- turbed metal. The AB lead lap set « on- 
tia’ LT sists of two or three lead laps (which provide ample speed 
veniently located. Ihe fit any 8” Buehler polisher), two or latitude. Two speed 
lamp is permanently cast i “ssi O 
; I I : y three cast iron dre ssing plates, one ball bearing motors Mee 
aligned for convenient pound of special abrasive for each lead 
: } lap, and dust proof covers for all lead permit further speec migher: 
operation. A mecha- - 
al , laps and cast iron plates. Specimens selection for best pol- Sia 
nical stage may be can be taken from a fine mill file, belt ishing results. Also x 
attached provide s -er or grindi el directly to tab 
urfac =o grinding wheel direc tly t available with flanged 
easy specimen cover- the first lead lap. The grinding time 
age on each lead lap is about two to three rls awe Ea ty 
minutes. The final polish on a cloth ing. Hon ta 
covered lap is completed in a fraction Le 
of the usual time. 


Our sincere thanks to all those who visited our booth at the Metal Show. 


MODERN BUEHLER LABORATORY EQUIPMENT INCLUDES GRAPHS © TABLE MICROSCOPES © POLARIZING ‘MICROSCOPES 
CUTTERS @ SURFACERS @ GRINDERS @ HAND GRINDERS e @ MEASURING AND INSPECTION MICROSCOPES @ BRINELL 
POLISHING APPARATUS @ LEAD LAPS @ CAST IRON @ TRUE MICROSCOPES @ MICROHARDNESS TESTERS @ CAMERAS ° 
PLATES @ ABRASIVES AND CLOTHS © MOUNTING PRESSES REFRACTOMETERS @ COLORIMETERS © SPECTROGRAPHS @ 
* STORAGE CABINETS © STOOLS AND CHAIRS @ METALLO- DENSITY COMPARATORS @ CARBONMETERS AND TITRATORS 
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SOME TESTS ON QUENCHING OILS* 


By T. F. 


EK XPERIMENTS have been car- 
ried out along lines suggested 
by Speirn and Lance to find 

simple standard quenching test 
which would indicate the capac- 
ity of the oil for abstracting heat 


Russell 


from a body and at the same 
time yield results that could be 
correlated with other physical 
and chemical measurements. In 
this work a l-in. silver sphere 
carrying a platinum thermo- 


HEAT TREATMENT 


Standard Treatments Give 
- Comparable to Those Attained with 
SAE 1040 - 1045 - X1335, 


DUCTILITY 


Licensee for Eastern Stotes 


THE FITZSIMONS COMPANY 


YOUNGSTOWN, OHIO 


Licensor 


MONARCH STEEL COMPANY 


HAMMOND 


INDIANAPOLIS 


PECKOVER'S LTD., Toronto, Canadian Distributor 


MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS 
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couple (0.006-in. wires) 

heated in a vertical furnace { 
which it could be dropped j:‘o 
the oil to be investigated. \¢ 
soon as the ball reached the 
face of the oil, a photographic 
was automatic: ly 


drum shutter 
raised on a film focussed on the 
galvanometer mirror, and the 
time-temperature cooling curve 
was recorded. The oil was held 
in a cylindrical pot 5% in. in 
diameter, exactly 2 liters being 
used for each experiment. Care 
was taken that the ball fel! 
exactly to the center of the oil. 
When the ball had cooled, lines 
at regular temperature intervals 
were produced by double expo- 
sure on the photographic record 
by a potentiometer, to calibrate 
the curve. 

With the thermocouple junc- 
tion at the center of the ball the 
cooling curves are readily repro- 
ducible to a high degree of accu- 
racy. With the junction at the 
outside of the ball repeat tests 
agree well, but the cooling curves 
vary appreciably with the posi- 
tion of the couple on the surface 
of the ball. 
cylinder of a low 
mium steel and on a sphere of 
austenitic nickel-chromium steel, 
with the thermocouple at the 
center in both cases, showed 
appreciable differences on repeat 
tests (later found to be due to 
the differences in the nature of 
the sealed surface). 

For each of the eight oils 
tested a fairly well-defined point 
was found at which the cooling 
rate changed appreciably. These 
“characteristic” points occurred 
at temperatures from 920 to 
1180° F. Above this the cooling 
rates did not vary appreciably, 
one oil to another. Below the 
characteristic temperature the 
cooling rate increased and 
attained its maximum value, gen- 
erally over the range 990 
750° F. (Cont. on page & 


Tests on a small 
nickel-chro- 


*Abstract of Second Repor 
the Alloy Steels Research Com 
tee, British Iron & Steel Insti! 
page 283 (1939). 
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IME was, when all pyrometer galvanometer 

suspensions were merely wisps of ordinary 
metal held in crude soldered end-clamps. Acid 
atmosphere ate the metal . . . ends sheared off on 
the square edges of clamps . . . breakage was 
accepted as a necessary evil. 


Even though it is the smallest, least conspicuous 
assembly in a Foxboro Potentionmeter Instrument, 
Foxboro engineeers were not content with this 
traditional galvanometer suspension. They engi- 
neered this detail, too, like a major part! 


Gold suspensions were adopted to defy acids 

. . with spot-welded instead of soldered ends. 
Smoothly-crowned end-brackets were designed, to 
give shear-free, “rocking-chair” snubbing action 
for these tiny gold “whiskers”. Suspension life 
was indefinitely prolonged! 


This is what we mean by Foxboro Creative 
Instrumentation . . . instrument engineering that 


carries original, progressive development work 
to the last detail of design, construction and prac- 
tical application. By providing precise indicating, 
recording and control of hundreds of operations, 
it is enabling manufacturers to obtain more pro- 
ductive and dependable results. 


Write for detailed bulletins on Foxboro Poten- 
tiometer Recorders and Controllers, or other 
Foxboro Instruments. The Foxboro Company, 
52 Neponset Avenue, Foxboro, Mass., U. S. A. 
Branches in principal cities. 


FOXBORO 


Ree. U. 8S. Pat. Of 


Ceextive Instrumentation 


RECORDING CONTROLLING INDICATING 
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QUENCHING OILS 


(Continued from page 800) 


A “kink” in the cooling curve 
did not always occur when the 
steel cylinder or the austenitic 
steel ball was used. With the 
steel cylinder a definite kink was 
obtained only when the surface 
of the ball was freshly polished. 
The effect of tarnishing of the 


surface was naturally much less 
for the austenitic ball, and a 
small kink was obtained with 
one oil. 

Sperm oil gave appreciably 
faster rates of cooling than the 
mineral oils over all ranges of 
temperature down to 600° F. The 
cooling rate in the range 1100 to 
950° F. for the old oils is approxi- 
mately double that for the new 
oil on its first quench. 
factory correlation between these 


No satis- 


Ferro-Titanium has a long record of 


successful use as an effective cleanser 


and purifier of electric furnace steel. 
Used as the final deoxidizer in the 


ladle, it mixes or combines with impur- 


ities to form complex inclusions which 


readily rise and join the slag. Com- 


plete data on the use of Titanium in 


electric furnace steel sent on request. 


TITANIUM 


ALLOY MANUFACTURING COMPANY 


GENERAL OFFICES AND WORKS: NIAGARA FALLS, N. ¥., U. S. A. 
EXECUTIVE OFFICES: 111 BROADWAY, NEW YORK CITY 


Representatives for the Pacific Coast . SALPOUR, GUTHRIE & CO. Sen Francisco, Les Angeles, Portions, Seettic, Tecome 


Representatives for Evrepe 


. ROWLANDS & CO., 23-27 Broomball St., Sheffield, Engiond 
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quenching tests and chemic oy 
physical properties has ep 
obtained. 

The initial temperature he 
oil, if below 200° F., had tle 


effect on the rate of co 


for one oil of low | ol- 


However, 
atility the curves agree with what 
might be expected if the cooling 
rate at any time is proportional 
to the difference in temperature 
between the ball and the oil. 

The quenching curves for the 
silver ball can generally be 
divided into three well-defined 
sections: 

1. A fairly rapid fall in tem- 
perature of about 50° PF. per sec., 
which does not vary a great deal 
for different oils. This portion 
of the temperature-time curve is 
usually a straight line, but in 
some cases it may be slightly 
curved. It continues as far as 
the “characteristic point” 

2. Then comes a short period 
of very rapid temperature drop, 
at a speed often amounting to 
150° F. per sec. 

3. Finally is reached the 
ordinary cooling of the body 
the oil at an exponential rate 
which varies considerably for 
different oils. 

The presence of a well- 
marked change in the rate of 
cooling at both the center and 
outside of a silver ball has been 
attributed to a change in the 
mode of heat transfer from the 
ball that is, 
through a vapor film formed dur- 


from radiation 
ing the first period to direct con- 
duction and convection of the oil 
after the vapor jacket has dis- 
appeared. On a smooth surface 
the thickness of the vapor film 
will be gradually reduced until 
the liquid contacts the hot sur- 
face, whereas on a rough surface 
the vapor film will tend to be 
formed repeatedly and driven 
away irregularly over the whole 
surface. This will reduce the 
abruptness in the change in [he 
rate of cooling, so that there "ay 
be no sign of any kink on ‘he 
cooling curve for the outsid« a 
scaled steel test piece. 3 


|: 

ig 

x 

2" 

D 

4 

— 

4 

4 

7 

| 

yi 

? 
3 


shell cases per 
hour is shown at the right. It carries through from brass blanks 


igh draw presses and Despatch annealing furnaces—and finally 
The Despatch furnaces and 


\ DESPATCH system for heat treating 4300-20mm. 


thr 
through a Despatch stress relief furnace 
lipment arrangement provides material handling efficiency 
with minimum floor space. In this plant, Despatch furnaces were 
because they provide speedy, accurate heat treating results 
together with increased production. Despatch furnaces are also per- 
: perfectly for tempering and drawing of projectiles and shor, 
1 on other armament projects where efficient, accurate heat treating 


in the range of 275 °F. to 1250°F. is required. 


For those interested in the details of the layout illustrated, Despatch 


has available copies and will mail upon request. Whenever vou 
px q 


require new heat treating equipment to increase your defense pro- 


ducti call a Despatch engineer to make a survey and submit his 


recommendations 


Write for New Bulletin No. 81-F. 


You will find it a helpful guide for heat treat- 
img ferrous and non-ferrous alloys with many 
interesting photographs of Despatch furnaces *n 


action and with careful attention given to 


material handling. 


Despatch furnaces used in above layout for heat treating 4300-20mm. brass shell 
cases per hour. 
1—Despatch DT-16 Pot Type Gas Fired Furnace, 1200 ‘F. 
1—Despatch DT-21 Pot Type Gas Fired Furnace, 1200 ‘F. 
1—Despatch DT-26 Pot Type Gas Fired Furnace, 1200 F. 
1—Despatch Continuous Conveyor Furnace, 1200 F. 


1—Despatch Stress Relief Furnace, 500 ‘F. 


OVEN COMPANY minnearoris, minnesota 
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BOUNDARY 


LUBRICATION * 


By Orto Beeck 


[' TWO lubricated surfaces are 

sliding over each other under 
conditions of high pressure and 
low speed, no truly fluid film of 
lubricant can exist between the 
The 


“boundary lubrication” has been 


sliding surfaces. term 


widely adopted for this condi- 


tion, but the best criterion for 
this state is that the coefficient of 
friction is independent of vis- 
cosilty and of the sliding velocity. 
The term 
lubricating value of an oil under 


‘oiliness” indicates the 


these conditions. 


Plastic deformation takes 


BO 


and other types of metal failure. 


AMPCO LITERATURE Available | 


logue 22 
PCO METAL, cata 
peoloy— industrial Bronzes 
Catalogue 
Ampco-Trode Coated Aluminum 
Bronze Welding Rod 
Ampco Metal in Machine yar 
Ampco Metal in Bushings a" 
Bearings 
co Metal in Dies) 
resem Metal in Acid-Resistant 
Service 
Ampco Metal in Aircraft 
Ampco Metal Centrifugal 
Castings 
Ampco Metal in Heavy 
Machinery 
Ampco Metal in Gears 


TH AMPCO-EQUI 
Sleek, 400-mile-an-hour fighting planes and ponderous earth-moving equip- 
ment, both are equipped with AMPCO METAL, that sturdy alloy of the alu- 
minum bronze class. Different types of applications, of course, but each de- 
pendent upon Ampco bronzes for protection against wear, impact, fatigue 
Airplanes and power shovels are only 
two of the many diverse kinds of equipment regularly employing AMPCO. 


The range of uses of Ampco bronzes extends through all industry. The 
wear-resistant qualities and high physical properties of the metal are rec- 
ognized by performance-conscious engi- 
neers in key defense activities. 

This versatile bronze has proven itself in machine 
tools, ordnance, aircraft, heavy machinery — 
wherever a bronze that can “‘toke it” is needed. 
Investigate its use, when you have a metal prob- 
lem. It is available in six grades of hardness and 
physical properties. Ask for Catalogue No. 22, 
or specialized literature. 


AMPCO METAL, INC. 
Department MP-11 


PPED! 


Milwaukee, Wis. 
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place at the local points of aq 


transfer and the real ar of 
contact between flat surfa is 
proportional to the normal 4d. 
This gives an explanation 0) (he 
old law of AMONTONS (1) 9 
which states that the tange: (ia! 
frictional force is directly ro- 


portional to the normal load. [| 
also explains the other obser- 
vation of AMONTONS that the 
friction is independent of the 
macroscopic area of the surface. 

Lubricating the surfaces 
under boundary conditions does 
not prevent the surfaces from 
reaching temperatures of 1100 
F., and it is evident that break- 
down or decomposition of the 
boundary film must then occur, 

It has been assumed that frie- 
tion takes place between mono- 
molecular films of lubricant 
adsorbed on the solid surfaces. 
However, tests indicate that a 
mono-molecular film would not 
under the very high 


lemperatures produced at the 


stand up 


points of contact, but a film of 
fatty acids seven mols thick 
seemed to wear indefinitely. 
The first 
boundary 


clean-cut case of 
lubrication was 
obtained by Beare and Bowne 
using a flat flywheel with a 
spherical rider. The fivwheel 
was set in motion and its decel- 
eration was observed by plotting 
the angular velocity against time 
With highly polished steel sur- 
fluid 
as octyl aleohol, a straight line 
was obtained. 
lubricants, 


faces and lubricants such 
Viscous and oily 
how ever, 
showed that their coefficients of 
friction depended upon velocity 
But it that, 
even with such lubricants in the 


always 


has been observed 


flooded state, true boundary con- 
ditions can be obtained. 

If the coefficient of friction 
is plotted against velocity (the 
curve bends over sharply al 
certain critical and easily repro- 


(Continued on page 814 


*Abstract of 
Aspects of Boundary 
by Otto Beeck, Journal of 
Physics, July 1941, p. 12. 
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by Sam 
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ESLEY, re-elected Pres. of 
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tional REP as a ‘*Stop 
producing U.S. Sen- 
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tically NO stuffed-shirt, 
sh-Hit! (Sen. Wiley slips 
We hope to elect Charles 
ican Lieutenant-Governor 
Charley, like other Modern, 
al Heat Treaters, is 

ral Alloys Q-ALLOY and 


hearths, and furnace parts. 


startled, or dismayed, by 
now required by law on 


roducts? Take good old 
Sauce for instance. ‘Tis 
Puree, Orange Marma 


ms, Garlie, Malt, Vinegar, 


gacanth, Spices, and Flavor 
ov that would even tax 
steel foundry melting 
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PHILADELPHIA METAL SHOW AIDS U. S. DEFENSE 
GENERAL ALLOYS LARGEST CASTING EXHIBITOR FOR 
22nd CONSECUTIVE YEAR. x. 


higher compliment could be paid to this organization 


than that bestowed by the many outstanding Men of Industry who have sought our Engineering counsel in 
their DEFENSE Heat Treating problems. It has been a great privilege to work with you Men of A.S.M., through 
nearly a quarter century, maturing that fine friendship and confidence which now forms the solid basis on which 


we stand together in U.S. DEFENSE. 


Now it can be told. 
Wivu our plant running three shifts, General Alloys 


Company's UNFILLED ORDERS went up SEVEN 
HUNDRED PER CENT in 60 Days! 100% 
had ALREADY been accomplished! OPM, 
Army Air Corps, were making insistent 
tending every co-operation. Air Engine Program, ce1 
Navy VITAL DEFENSE 
items had to tuke precede nee, throwing our productior 
cockeyed. NOW we have COMPLETED our SECOND 
expansion of facilities, and are 


expansior 
U.S. Navy, 
demands, ex 
tain 


requirements, and other 


have greatly reduced, 
steadily reducing our backlog, have equipment on hand 
and on order which should enable us not only to take 
care of our Customers’ present and near futur require 
ments, but to plan replacements as anticipated, and carry 
a stock of ‘‘SPIRALINK’’ and other G.A. Designs 
Yea, verily, we ‘*Sweating Bullets’’, work 
ing the clock around and doing our best. Conscientious 
management demands the BEST alloys, and PROVEN 
ENGINEERING for DEFENSE. General Alloys lead 
ership in Design, Metallurgy, Foundry Practice has 
the LEADERS 


have been 


never been seriously questioned. We, lik 


in other lines, had to pick up the DEFENSE LOAD 
FIRST. WE have shouldered that load, AND ARI PAL JOEY 
UNDER WAY FOR THE BIGGER LOAD AHEAD 
We are humbly grateful for vour FORBEARANCE 
Rifle prograr n the last War Those furnaces are all 
H. H. HARRIS 


equipped with X-ite internal-spiral retorts by G.A. Co 
When the Russians couldn't 
get good STAINLESS STEEL SCULPTURE 
back, Alloys took the job, 
including the Original Sculpture, and delivered the 
‘*ETERNAL METAL" bas-relief of JOSEPH STALIN 
KREMLIN. The first sizable 
S.S. this G.A. CASTING will 
castings in HISTORY. G.A. 
WORLD STANDARD 
**alloy manufacturers 


We have another confession 


from Ger 


many, some Genera! 


vears 
in the rolls of ‘‘Defenders of Ds mocracy 
Kristian A, Juthe, Pres. of American Electric 
Furnace Company. Eighty-eight of their CARTRIDGE 
CASE ANNEALING FURNACES, turning out MIL- 
LIONS of Rifle Shell Cups per HOUR, have been run 
ning behind the RUSSIAN lines facilitating aerial ex 
port of lead toward Germany, ‘‘K.A."’ as he is known 
to Heat Treaters everywhere ‘‘Spark Plugged’’ the U.S. 


stunds 
which was hung in the 
bas-relief 
rank among the 
Foundry 
many present 


ever cast in 
great 
practice Was a when 
were making steel 


castings to quarter inch tolerances. 
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SA-32 SA-32 
ALLOYED IRON 
CASTINGS 


FOR 
TEMPERATURES 1000°-1400°F 


CONSERVE STRATEGIC MATERIALS BADLY 
NEEDED FOR DEFENSE. 


SPEED—FAST DELIVERIES OF SA-32 TO 
YOUR DESIGNS OR OURS. 


LOWER COST—ECONOMY AND AVAILA- 
BILITY FAVOR SA-32 FOR 
MOST JOBS AT 1000°— 


1400°F. 
ENGINEERING SOUND CONSERVATIVE EN- 
DESIGN GINEERING ADVICE AND 


ASSISTANCE BY 
EXPERIENCED ALLOY ENGINEERS 
Geo. C. McCormick Wm. R. Blair 


STERLING ALLOYS Inc. 


WOBURN (BOSTON) MASS. 


WORLDS GREATEST all around 


ELECTRIC TOOL 


DRILLS—GRINDS—SANDS 
SAWS—POLISHES 
SHARPENS—CARVES 


VARAMTEID 
OR OWE YEAR 


The new WHIZ ELECTRIC TOOL is the handiest 
power tool ever made. A rugged tool for power and 
precision work. Drills through ™% inch iron plate in 
42 seconds or engraves intricate designs. Handles any 
material: Metals—Woods— Alloys— Plastics —Glass — 
Steel—etc. Saves time. Eliminates labor. Plug into 
any socket AC or DC, 110 volts. Chuck % inch capacity. 
Ball bearing thrust. Powerful, triple-geared motor. 
STANDARD MODEL, with Normal Speed (uses 
200 different accessories, instantly interchangeable ) 
Price only $8.95 


The only DRILL-TOOL with a full year’s guarantee 


FREE Accessory outfit (Value $2) includes set of drills, 

mounted 1% inch grinder, sanding discs, cutting wheels 
mounted brush, polishing wheel, carving burr, etc. FREE with 
each tool ordered NOW. We pay postage. 


10-DAY TRIAL—MONEY BACK GUARANTEE 


PARAMOUNT PRODUCTS CO. 
Dept. 11-MPR 545 Fifth Ave. New York, N. Y. 


BOUNDARY  LUBRICAT! N 


(Continued from p. 808) duced velocities, sere- 
upon the coefficient of friction becomes con. an} 
Ricinoleic acid, the main constituent of cas! vil, 


does not show this effect. Neutral or white oils 
likewise do not show the effect at low veloc ties 
The adsorbed layer of long chain polar molecules 


seems able to induce a so-called wedging clfec! 
which allows an early transition from the boundary 
state into one with lower coefficients of fri: tion 

Rapid fluctuation of the surface temperatures 
occurs under boundary lubrication conditions, and 
a frictional fluctuation called “stick-slip” (see 
Meta ProGress, April 1940 page 485). The exact 
behavior depends on the combination of metals, 
particularly on their melting points and on the 
lubricant. In case of dissimilar metals the fluctua. 
tions are quite regular. The surface of the rider 
sticks to the moving bottom plate (it is, in fact, 
welded to it) and moves with it until, as a result 
of the increasing force which wishes to keep the 
rider in its original position, a sudden and very 
rapid slip occurs. Simultaneously with this slip 
there is a sudden temperature flash which pro- 
duces the next welding, and so on. Surfaces 
lubricated with straight mineral oils behave in the 
same manner. Long chain fatty acids, for instance, 
may prevent the stick-slip and allow continuous 
sliding to take place. But not all boundary friction 
occurs with this type of stick-slip. 

No correlation is found in practice between 
the coefficients of friction and wear with various 
oils with and without addition agents. Under 
moderate conditions the coefficient of boundary 
friction varies but little with pressure, tempera- 
ture, and material of both lubricant and surfaces 
Steel balls were electroplated with a very thin and 
uniform copper plate, whose wear characteristics 
were found to be similar to those of iron run unti! 
the track on the upper rotating ball was worn 
through to the steel. Under these conditions long 
chain polar compounds prevented very little wea! 
but other known additions, like tricresyl phos- 
phate, reduced the wear by a factor of about five 

The action of the last mentioned compound ts 
essentially that of chemically polishing the surface 
The formation of low melting metal phosphide 
alloys plays a major role. The process of polish- 
ing is mainly influenced by the relative me!ting 
point of the polisher and the solid; the re!ative 
hardness is comparatively unimportant. 

A white oil whose wear reduction factor was 
raised to five by the addition of 1.5% tricresy! 
phosphate showed a wear reduction factor 10 
when, in addition to the phosphorus compo \nds. 
1% of oleic acid was added. Facto:s as high li 
have been found with other combinations. 2 
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Female Woodcock on nest: easy to 
photograph, not easily distinguished. 
—W’, Bryant Tyrrell 


POSSIBILITIES 


Powder metallurgy has been in a process of quiet = materials practical to use. Iron powder, for ex- 


incubation for a good many years ... “protectively | ample: pistons of powdered iron are now replacing 
colored” from general observation. To be seen, of | aluminum pistons in hydraulic brakes, 

course, were some of its evidences: the tungsten Our unique experience in this field has proved 
lamp filament; diamond impregnated grinding helpful to many a manufacturer with a powder 
wheels; porous metal bearings— among others. application “hen on the nest.” That experience of 
Now, suddenly it seems, there emerges a great a quarter century—and familiarity with current 
awareness of powder metallurgy’s promise as a developments in materials and equipment and 
method for making many metal parts and materials. | processes—will be available to manufacturers seek- 

Need for replacement materials has helped in- ing new advantages in fomorrou’s markets, 


tensify interest in Powder Metallurgy’s new 


and larger role. Metals Disintegrating Com- 


pany, manufacturer of all kinds of metal 


powders through 25 years, is making new 


VI MNEW DE 


— 


METAL POWDERS SINCE 1916 
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Ib. and was teemed into 


INCLUSIONS IN H IGH SL LPH L R S | KEL* down the middle, the sur! of 


one half of the ingot was pre. 

By EK. Gregory and J. H. Whiteley 
: ; pared for sulphur printing and 

then for macro-etching; the | (her 


half was cut up for micro-c.am- 


STEEL INGOT containing to the basic openhearth furnace, ination and chemical analysis at 
0.40 to 0.506 sulphur was with final adjustments made by the “standard” positions laid 
examined for heterogeneity and adding “rock” sulphur to the down by the Ingots Committee. 
type of inclusions. In making ladle. The tapping slag con- The sulphur print shows no 
the ingot most of the sulphur tained 19.4 Fe and 9.82 P.O,. greater relative degree of segre- 
was added as pyrite in two stages The selected ingot weighed 5150 gation in regard to sulphur than 


in a steel regarded as having a 
“normal” sulphur content (say, 
0.050 S). The excellent photo- 


All WHOPPER: graph shown in the original may 
° CUTS therefore be regarded as a pic- 


ture of its distribution in any 


iL i K E | HM i S commercial steel ingot except an 


electric furnace steel. In other 
1850 POUND DIE words, the mechanism of segre- 


gation seems to be about the 


No, it's not a big Wisconsin cheese, 
but a solid steel die (10” thick, 
33” diameter) weighing 500 pounds 


same in both high and low sul- 
phur steels. 


more than the DoAll Machine on In the ingot examined, the 

which it was cut in the plant of elements which tend to segregate 

the Midwest Pipe & Supply Co., to the least extent are carbon. 


St. Louis, Mo. 
a manganese, phosphorus and 


nitrogen; the greatest variation 


“Glass Boot is in sulphur, oxygen and hyd: 


Die Parts gen, which segregate, but inde- 
e 

pendently. Chemical analysis 
Here's an as- and microscopic eXamination 
sembly die indicate some inverse segregation 
sawed and filed 


FASTEST METHOD 


of REMOVING METAL of sulphur and oxygen. (High 
at the Taylor sulphur is accompanied by a 

Makes no difference what it is — relatively low oxygen, and vice 
aluminum, brass, bronze, copper, ter, N. Y. This versa. ) Evide ntly sulphur, as 


die makes parts 
for the famous 


“glass boot” important a in the ultimate 
used in modern 


iron, steel, nickel, zine —any kind well as mi ing anese, play Ss an 
of metal, alloy or plastic — forgings, 
degree of deoxidation. 


With a low oxygen content 


castings, tubing, blocks or sheets — ccoatnaie, 


the DoAll cuts it with savings of 
time and metal that are astonishing. the larger inclusions are homo- 
geneous but with higher oxygen 


content their structures are 


duplex in nature. Three tes! 
‘ 


Takes the place of shaper, milling and lathe 
work on hundreds of different jobs in large and 
small defense and industrial plants everywhere. 
In addition to internal and external sawing, the pieces all contained many | und 


DoAll does band filing and polishing. 


IT WILL PAY YOU to have one of our factory 3-OUNCE GASKETS sizes mostly MnS with Fed. 
the amount of FeS being greate! 


Cutting gaskets — generally a 


dove-gray inclusions of various 


trained men call at your plant to show you what 


a DoAll can save you. pain in the neck — is easy with a in the highly segregated cae 
DoAll. The paper is screwed be- In fact, no FeS was found in the 


FREE — Literature and 158-page 
tween two plates, the cut made 


Handbook on Contour Machining. through the plates, maintaining comparatively homogs jus 
smooth edges on gaskets. (Continued on page 82 
*Abstract of “Examinatt 
1307 S. Washington Ave. Minneapolis, Minn. Ingot”, paper for British Ir nd 
issociated with the DoAll Company, DesPlaines, Ill., Manufacturers of Steel Institute. June 1941. 


Band Saws and Band Files for DoAll Contour Machines. 
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EROWN PYROMETERS 


MEASURE AND CONTROL HUNDREDS OF IMPORTANT 
TEMPERATURES IN THE TREATMENT OF METALS 


NEW BROWN CONTINUOUS BALANCE CIRCULAR 
CHART POTENTIOMETER: This instrument, a revo 
lutionary addition to the Brown Line of temperature 
measuring equipment, employs a “Continuous Bal- 
ance” Unit for its operating principle. Write for 
Catalog 15-1. 


ouples, protecting tubes, leads, etc. Their practical 
eld experience qualifies them to offer technical 
ssistance. 


BROWN PERIODIC INSTRUMENT SERVICE is 
exible and adaptable to the needs of your plant. 
he Brown Sales and Service Organization is 
ation-Wide. Offices are strategically located to 
ender emergency repairs, regular inspection serv- 
ceor counsel. Discover how little it costs to have 
your instrument investment protected by factory- 
dined field engineers who already supply this 
ervice to more than 2,000 plants. It costs you little 
nd saves you much. THE BROWN INSTRUMENT 
OMPANY, a division of Minneapolis-Honeywell 
egulator Co., 4503 Wayne Avenue, Philadelphia, 
fa. Offices in all principal cities. Toronto, Canada: 
117 Peter Street — Amsterdam-C, Holland: Wijde- 
teeg 4—England: Wadsworth Road, Perivale, 
iddlesex — Stockholm, Sweden: Nybrokajen 7. 


Note: Many orders today for Brown Instruments carry a Prefer- 
ence Rating. To save time PRIORITY EXTENSION CERTI- 
FICATES should be forwarded with such orders—made out 
to THE BROWN INSTRUMENT COMPANY. This will aid 
materially in filling orders for Indicating, Recording and 
Controlling Instruments. 


BROWN RADIAMATIC PY- 
ROMETER: Designed to oper- 
ate under severe conditions 
of temperature, vibration, etc. 
Write for Catalog 1104. 


BROWN THERMOMETERS: 
Recorders, Indicators and Con- 
trollers for temperatures up to 
1200° F. Write for Catalog 
6706. 


BROWN PROGRAM CONTROL POTENTIOMETER 
PYROMETER: Designed to control the rate of tem- 
perature rise and control of heat over a set period 
of time. Write for Catalog 1104. 


BROWN MILLIVOLTMETER 
PYROMETERS: A _ complete 
line of indicators, recorders 
(single and multiple record), 
and controllers for tempera- 
tures up to 3000° F. Write 
for Catalog 15-F. 
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HIGH S STEEL 


(Continued from page 818) 
parts. Whether the presence of 
FeS inclusions was due to the 
lack of Mn in the 
investigated by studying the 


area Was 


migration of manganese in steel 
at different temperatures up to 
2450° The indicators 


were the retarding action of 


used 


manganese on pearlitic coales- 
cence and the conversion of FeS 
to MnS. Diffusion is slow but 
increases with temperature. The 
inference that the persistance of 
FeS in the heavy segregate was 
due to a very slow movement of 
the manganese in the steel cer- 
tainly seems plausible. 
Tests verified that a 
proportion of the sulphide had 


large 


existed as FeS in the ingot during 


solidification, and that coales- 


And this experience is not surpassed by that of any 


others in this country! 


Yes, we have the experience to select proper alloy- 
ing analyses to meet problems of temperature, cor- 


rosion and abrasion. 


We also have as modern a 


foundry as can be found anywhere with every facil- 
ity for turning out sound castings, finished to any 
degree desired—and ranging in size from that of a 


watch up to several tons. 


THE DURALOY COMPANY 


Office and Plant: 
12 East 41st St., New York, N. Y. 


Eastern Office: 


Detroit: The Duraloy Co. of Detroit 


Scottdale, Pa. 


Scranton, Pa.: Coffin & Smith 


Los Angeles: Great Western Steel Company 
Metal Goods Corporation: St. Louis — Houston — Dallas — Tulsa — New Orleans 


11-DU-2 
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cence of sulphides continued 06 
a temperature well below thai «| 
which MnS becomes fixed in s 
The appreciable growth of | je 
FeS inclusions at 1850° F, — || 
below their melting poin| 
affords strong evidence of the 
solid solution of this compound 
in iron. MnS is at most but 
slightly soluble in steel up to 
2300° F. 

The distribution of small 
sulphide particles remelted 
areas and their size range sug- 
gested that they were the resi- 
dues of binary and ternary 
eutectics. In this case the eutec- 
tic constituents certainly did not 
include iron, for the eutectic of 
the Fe-FeS system contains about 
85° of FeS and freezes at 1800° 
F., whereas the primary forma- 
tion was already present in a 
piece quenched from = 2650° F, 
The temperature at which the 
secondary formation appeared 
was also well above 2350° F. 

Because of the occurrence of 
FeS in the segregate, severe 
cracking of the very high sul- 
phur ingots might be expected. 
Yet very little trouble of that 
kind is experienced either in 
casting or in rolling the very high 
sulphur steel under examination. 

The cracking of ingots may 
be affected by the casting con- 
ditions. Thus HvuLtTGren dem- 
onstrated that after-pouring 
disturbed the columnar crystal- 
lization in ingots to within a 
short distance of the base. Thus, 
in top-filling, the stream from 
the nozzle can penetrate far 
down into the mold, even when 
it is almost full. 

Hau has shown that, at tem- 
peratures just below the solidus, 
steels are not only very weak 
but have little or no elongation. 
Hence, when the ingot begins to 
solidify, the contraction stresses 
acting against the ferrostatic 
pressure may easily cause |! 
early rupture noted by McCa> 
If a break occurs early, liquid 
metal may flow outwards oo 
heal the rupture, but if it stos 


(Continued on page 834) 
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3600 pounds of cores could hold up the produc- 
tion of a tremendous tonnage of castings if they 
weren't baked properly. The oven at the left is 
only one of hundreds of gas- and oil-fired equip- 
ments that are serving this bottle neck of the 
foundry industry faithfully year after year. 

In order to insure the air supply on the ovens 
illustrated, these manufacturers chose Spencer 
Turbos—the kind that has been used on Foundry 
Cupolas for years. 

commer Turbo-Compressors deliver a constant 
pressure with power input in direct proportion to 
the volume of air delivered. Wide clearances, only 
two bearings, and a highly efficient centrifugal 
impeller design are other reasons why the great 
majority of furnace and oven manufacturers pre- 
fer Spencer. 


ASK YOUR EQUIPMENT MANUFACTURER 
FOR THE SPENCER TURBO BULLETINS 


SPENCER 


Three Spencer 
Turbos mounted on 


Baking cores in foundry. Desrarcn oven COMPANY 


HARTFORD 


a 4 \ 

Below: Mold oven. CONTINENTAL INDUSTRIAL ENGINEERS, INC. 

| 


Inclusions Found in 0.45% S Ingot 


H | G H S S | iD EK L TENTATIVE — REACTION TO 
IDENTIFICATION 
HCl H.SoO, HF 
(Starts on page 818) 
—_ MnS Light blue Insoluble Completely 
a little later, the liquid within soluble 
may not be reached and the Silicate Dark gray, Nearly Nearly Strongly 
no definite insoluble insoluble attacke 
crack will consequently tend to change 
deepen as cooling proceeds, FeS Indefinite Probably Not 
If in freezing the skin forms 
‘ Chromite Very dark, Insoluble Insoluble Unattacked 
gradually from the base no change 
upwards, producing a taper, the FeO with MnO Darker blue = Completely 
extent and suddenness of the 


| to meet the demands for rapid fatigue tests, the 
R. R. Moore high speed Fatigue Testing Machine now operates at 
speeds of 10,000 rpm. The machine is equipped with a variable 
speed drive —an essential feature in the testing of certain alloys 
which heat up when highly stressed and it also allows correlation 
of high speed tests with previous lower speed tests. 

Based on the rotating beam principle, the R. R. Moore Machine 
has gained widespread acceptance. These fatigue testing machines 
are in constant use in the nation’s leading research laboratories. 
Write for descriptive bulletin No. 134-A 
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overall contraction stresses will 
be lessened. Also the lower part 
of the shell will be better able to 
withstand them. This may be 
the reason that tun-dishing and 
the up-running methods of cast- 
ing minimize cracking. As the 
liquidus-solidus range  wid- 
ened (an effect of large amounts 
of FeS) a similar effect seems to 
arise from the longer presence 
in the skin of liquid layers nor- 
mal to the surface. This may 
explain why virtually solid top- 
filled low carbon steel ingots very 
high in sulphur do not, as a rule, 
crack seriously as might be 
expected. Comparatively small 
quantities of FeS merely tend to 
form the fine intergranular liquid 
films which are believed to cause 
red shortness. 

Besides the sulphides there 
was another type of inclusion 
found in this ingot. It was com- 
posed of globules, sometimes 
very large and often complex in 
structure. Within them were 
usually rounded MnS particles 
and an occasional idiomorphic 
erystal resembling chromite. 
Frequently the globules also con- 
tained areas of FeO, this com- 
pound not being elsewhere 
observed. The ground-mass in 
which these inclusions were 
embedded was eutectiferous 1 
character and translucent ow 
to a silicate component. Var 
tests indicated that it belo: 
to the system fayalite-rhodo: 
FeS-MnS-FeO. 

The types of inclusions 
their probable natures are « 
sified in the table above. 
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- DIVISION OF THE BALDWIN LOCOMOTIVE WORKS 


ITH you, as with us, 

defense comes first. Our 
output of optical instruments 
is being rapidly increased to 
meet the defense emergency. 
We will endeavor to give our 
customers the best service 
possible under existing cir- 
cumstances, and ask your 
sympathetic cooperation. 


Measurement For Keen Vision 


é JU open your eyes and you see. perience, to help you guard your most of correcting eyesight, as much as for 
You are never conscious of the precious gift. its achievements in optical instruments 
nplicated physical and nervous sys- The above formula is the prescription for national defense, for science, educa- 
that makes your vision possible— for a specific eye condition. It was tion and industry, Bausch & Lomb has 

ng as your eyes work properly. determined through the use of a variety earned its name as America’s Leading 
But at the first signs of maladjustment of scientific instruments of delicate pre- Optical Institution. 


h symptoms as headache, inability ¢ision Bausch & Lomb instruments. 


id fine print, easy fatigue—you — !t will be incorporated into a lens which, B 
the services of an eyesight spe- from raw materials to final mounting, AUSCH & LO 
must be produced with critical accuracy. OPTICAL CO. ¢ ROCHESTER, NEW YORK 


t. Thousands of these professional 
ESTABLISHED 1853 


re trained, through skill and ex- For its contributions to the science 


NTIFIC INSTITUTION PRODUCING OPTICAL GLASS ANI INSTRUMENTS FOR NATIONAL I PEN 
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_ FOR EVERY PURPOSE 


Because 


will nold a & 


CRUCIBLE STEEL CO. 


ALIQUIPPA, PA. 


During the last two years there have 
been important improvements in High 
Speed Steel Hardening Processes and 


Baths! 


These include: 


New bath material with boron 


Lavite float which prevents any de- 
terioration or sludging of the bath. 


New electrodes in which clamps 
have been eliminated between the 
transformer and the hot end. 


New durable high heat pots. 


Your inquiries are solicited. 


THE BELLIS HEAT TREATING CO. 


BRANFORD, CONNECTICUT 
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METAL POWDER 
(Continued from page 788) 

of the same composition made by melting. r 

readily drawn 


metallurgy bars were 


into wire and possessed a coeflicient of thermal] 


powder 


expansion which made the material suitable {or 
The cast 
material used as comparison proved to be more 
In the discussion of 


sealing into Corning 1-G type glass. 


coarse grained and brittle. 
the paper, it was pointed out that the high rate 
of oxidation of molybdenum at elevated tem- 


peratures did not permit the use of the material 


for resistors. 
As this necessarily brief survey has sug- 
gested, the range of the conference, in both 


papers and discussion, was decidedly extensive 
and inclusive. Hence, it is fortunate that all the 
papers presented on this occasion, as well as 
those of last year’s conference and some dozen 
others not given at either conference, are to be 
published as a book in the immediate future by 
the Metals. Answers to 
queries brought up at the conferences will be 
included, so the book will accurately reflect the 


Amercian Society for 


wide range of the meetings. 

A second and even more important char- 
acteristic of the conference clearly marks this 
impending publication. This characteristic is 
of decided significance for the future of powder 
and hence for the future of metal- 
Throughout the conferences, 


metallurgy 
lurgy as a whole. 
a cordial generosity in the sharing of ideas and 
the free dissemination of knowledge derived 
from painstaking independent work has been 


most notable. This fact promises that the con- 


ference will continue to be a forum where 
artisan, engineer, and scientist, through com- 


mon attack on common problems, contribute to 
the advantage of each other and of the group 
as a whole. Such cooperativeness is most neces- 
sary, indeed, when we look at the amazing rate 
at which powder metallurgy is developing. New 
products which cannot be made otherwise are 
still the mainstay of this branch of metallurg 
vet many have already won the courage to con 
pete with products customarily made 
machining. Advancing steadily in the deve! 
ment of new knowledge and continuing to s! 
that knowledge openly with each other, pow 
metallurgists thus may look forward to ma! 
their joint undertaking of constantly gre 
benefit and value to our whole economy. 
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ie Vulcan TM-5 | 
/ 

Tungsten Molybdenu™ ii 

High speed steel 

ee The best all around substitute | / 

for 18-4-1 High speed 

ood cutting ] 

: edge \/ i] 
carb 
May _ ve handled like | 
18-4-1 except temper- 
atures slightly lower. 
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IS ASSURED YOUR WORK 


WHEN PLACED OUR CARE 


COMMERCIAL STEEL TREATING CORP. 
DETROIT 


SPECIALISTS iN THE HEAT TREATMENT OF STEELS EN ALL THEIR PHASES 
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SHELL 


I, 


(Continued from page 784) 
It must be remembered that shell 
must be made in real mass pro- 
duction; 700,000 anti-aircraft 
shell were fired in a single day 
during the Battle of Britain. 

So much for the suitable 


metal. Forging appears to be 
easy. All that is necessary is to 


get a billet of correct size, heat 
it and then punch and draw. But 
try and do it so that the hole is 


concentric and smooth enough 
so boring will be unnecessary. 


Uniformly and thoroughly heated 
billets first 
rigid tool guides and work hold- 


are the necessity; 
ers are the second. The mandrels 
on which the big caliber shells 
are drawn must be given especial 
attention. Quoted tool costs vary 
widely, from 38¢ to $2.00) per 


BEST 


MUST HAVE 
GOOD 


“THAT’S WHY | CALLED THE CITIES SERVICE 
LUBRICATION MAN IN” SAYS A. E. DAVEY, PRESIDENT 


OF ALLOY STEEL GEAR AND PINION COMPANY OF CHICAGO. 


“I’m doing a job here that 
must be perfect when it 
leaves the shop. The peo- 
ple who get the gears are 
plenty critical.’’ Mr. Davey 
says further, “I don’t know 
everything about oil. That 
is why I called in the Cities 
Service Lubrication man. 
I expect him to work with 
my men to see that they get the 
oil best suited for the job.” 


Much work in this shop must 
meet rigid government inspection. 


fo 
a 


FREE 


Just clip 
and mail 


A. E. Davey 


All Gleason, Fellows Gear 
Shapers, Lee Bradner and 
Brown & Sharpe machines, 
are operated with Cities 
Service Lubricants. You, 
too, will find these high- 
quality fluids capable of 
doing the kind of work 
your customers want. 


Call us in for consultation there 
is no charge for the service. Write 
us on your letterhead or mail the 
coupon for a copy of our booklet, 
““Metal Cutting Lubrication.” 


CITIES SERVICE OIL COMPANY 
Sixty Wall Tower, Room 1327, New York 


Please send me a copy of your booklet, 
**Metal Cutting Lubrication.” 


Name 


Firm Name 
Address 


City 


Vetal Progress; Page 812 


diffe: 
equipment and its maintena: 


shell, and reflect’ the 


shop to shop. Since there is s; 


a wide variation in the ch 
mium and tungsten content 


the toolsteels recommended | 


a given —say, the pun 


or the gripper die a substa 


tial demand appeared for ar 
ommended practice to cover the 
toolsteel, its heat treatment, the 
coolant, and the lubricant. (See 
METAL 


page 493, for a detailed deserip- 


PROGRESS last month, 
tion of forge shop methods, not 
only using presses and draw 
benches, but also’ forging 
machines. ) 

No best way is yet known 
for machining shell. Rather than 
method to be 


wail for such a 


discovered, one must go ahead 
immediately with the available 
tools and men. Despite the num- 
ber of American shells “on 
order”, it is shocking to find that 
little Canada is ahead of us right 
now in daily production, Of 


course, there’s no reason why we 


shouldn't: start looking for the 
best way to machine a 75-mim. 


H.E. shell 


why we should. 


in fact, every reason 
Meanwhile, 
here are a few hints: Use maga- 
zine type of tool holders, assem- 
bled and tool 


room; they speed tool changes 


adjusted in the 


and enable the second-grade 
machinist to meet the tolerances. 
Likewise, it would probably rep- 
resent an over-all economy to 
change tools after a fixed number 
of pieces, rather than wait for 
breakdown of cutting edge. Just 
most of the machining 
laid to 


blanks but 


now 
troubles are inferior or 
hard 


machine shop gripes are no 


steel such 
news. The summarizer suggested 
that advantages in machining 
and heat treating might result if 
the medium caliber shell blanks 
could be lined up accurately and 
handled in pairs, base to base 
the last possible moment. 
ing machines now produce | 
shell blanks from a single bi! 
and they are usually nip] 


aS 


apart immediately. 
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